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 Although conservation translocations are often recommended, they are expensive, 
require long-term commitment and half of them fail. Moreover, in New Zealand, 
translocations have an additional cultural impact due to the Māori kaitiakitanga 
(guardianship) role. Thus, the main objective of this thesis was to improve the outcomes of a 
New Zealand native frog conservation translocation, analysing the case study of Leiopelma 
archeyi translocated from Whareorino to Pukeokahu (Waikato Region) in 2006 (70 frogs) 
and 2016 (60 frogs).  
 To start this analysis, all the information related to the procedures carried out in each 
of the release events of this translocation were summarised and discussed. The results 
showed that the procedures related to the transport and captivity of the frogs were carried out 
at an acceptable standard. The components of capture and release of the frogs were slightly 
improved from 2006 to 2016, however, the mechanism of incorporating research into the 
procedures should be further improved to increase our knowledge of how to conduct 
successful conservation translocations. 
 The first aim addressed in this thesis was to determine if the frogs were established 
(or not) in Pukeokahu by analysing the capture-recapture monitoring database managed by 
the Department of Conservation since 2007. Multiple problems were encountered in the 
analysis of this database, which was further complicated by the change of the monitoring 
procedure (from 2010 to 2014 and particularly on 2013) in reaction to a low number of frogs 
recaptured. Specifically, for this problem, one solution would be to increase the number of 
‘consecutive’ monitoring secondary sessions, but most importantly, any change in the 
monitoring procedure would affect the accuracy of the demographic estimates calculated 
from that data. For Pukeokahu, this analysis indicated that there was an initial loss of 
individuals, either through emigration or death, and the frogs that remained were able to 
survive and slowly reproduce. Nevertheless, monitoring data is required at least until c. 2024 
to assess the establishment of the population, and it is recommended to collect this data using 
the 2017 monitoring protocol (for four consecutive nights, 4-6 people search for frogs in an 
area of 280 m2). 
 The second main aim of this thesis was to study the habitat of L. archeyi, and this was 
addressed in two ways: a comparative study of the resources available in the donor and 
release sites, and a natural history study of oviposition sites inside ponga (dead hollow tree-
fern trunks). The results of these studies suggest that there is habitat in Pukeokahu (i.e. 
resources available for this species to survive), but not in the same abundance and conditions 
as in Whareorino. The main differences relate to humidity levels; the relative humidity was 
lower in Pukeokahu (in both, air conditions and retreat conditions), plus an irregular coverage 
of bryophytes in the trunks (i.e. bryophytes sensu lato require high levels of humidity in the 
environment for development). Given that survival of adult frogs and breeding activity has 
been recorded for Pukeokahu, the results of this study suggest that although Pukeokahu 
supports habitat for this species, there is a heterogeneous distribution of resources, thus 
management actions to improve habitat are recommended (e.g. [i] add ponga with small 
diameters at the opening to increase availability of oviposition sites, [ii] build boardwalks to 
reduce the risk of squashing a frog during monitoring as the herbaceous stratum of vegetation 
is rapidly recovering inside the fence area).    
 The third aim of this thesis was to develop management actions in concordance with 
the cultural relevance of frogs for tangata whenua (local people). To do this, a partnership 
was established with tangata whenua represented by Ngāti Peehi and Ngāti Te Kanawa for 
the frogs in Whareorino, and represented by Te Hau Kainga o Pureora for the frogs in 
Pukeokahu. An important outcome of this partnership was the clarification of what would be 
a good process of communication and collaboration between tangata whenua and researchers 
(including DOC). As a result, a frog-hui (work meeting) was carried out in Te Kuiti, which 
provided the opportunity to meet together both whānau (family group) to discuss the thesis 
results. A description of Māori perspectives on conservation and the cultural impact of 
translocations is presented in the thesis.  
 In conclusion, the PhD research offered a novel framework to analyse translocations, 
where the management actions recommended incorporates not only the biological aspects 
related to the survival and establishment of frogs in a novel site, but also incorporate the 
cultural significance of these actions on the local community, which is essential to implement 
conservation in the long term.  
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1.1. The role of translocations in amphibian conservation 
 
Amphibians (frogs, toads, salamanders and caecilians) are widely recognised as a 
group experiencing population declines and extinctions (e.g. Blaustein and Wake 1990; 
Young et al. 2001; Stuart et al. 2004; Wake and Vredenburg 2008;	Bishop et al. 2012). The 
main threats associated with amphibian population declines include habitat loss, emerging 
diseases (e.g. chytridiomycosis) and climate change. However, the complex synergistic 
interactions between threats and declines are not fully understood (Pechmann and Wilbur 
1994; Collins and Storfer 2003; Beebee and Griffiths 2005; Allentoft and O’Brien 2010). 
This is especially true for lesser-known species, such as those categorized as ‘Data Deficient’ 
by the IUCN (The International Union for Conservation of Nature) Red List of Threatened 
Species (Howard and Bickford 2014).  
According to the literature, the magnitude of mass mortality events for amphibians 
(i.e. the number of animals dead in one rapidly occurring demographic event) is declining 
and disease is the major cause of mortality during these events (Fey et al. 2015). 
Nevertheless, it is important to keep in mind that there is a bias toward disease in the 
amphibian decline literature (Ohmer and Bishop 2011).   
Following the Amphibian Conservation Summit of 2005, held in Washington D.C., 
USA, the consensus achieved between researchers and practitioners was presented as a 
unified global strategy, the ‘Amphibian Conservation Action Plan’ (ACAP) (Gascon et al. 
2007; see Wren et al. 2015 for update). The document listed recommended procedures to 
prevent further amphibian declines. These including further research to fill the many gaps in 
knowledge, in-situ actions (such as establishment of protected areas), ex-situ actions (i.e. 
captive breeding programs) and translocations (referred to in ACAP as ‘reintroductions’).  
Translocation, as defined by the IUCN/SSC (IUCN Species Survival Commission) 
Reintroduction Guidelines (IUCN/SSC 2013), is “the human-mediated movement of living 
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organisms from one area with release in another” (IUCN/SSC 2013, p. 2). Therefore, 
‘translocation’ is the overarching term that should be used, irrespective of whether the 
movement of living organisms was deliberate or not, whether the individuals moved were 
collected from the wild or reared in captive facilities, and whether the purpose for the 
movement was for conservation, rehabilitation, mitigation, commercial/recreational reasons, 
or biological control (Griffith et al. 1989; IUCN/SSC 2013). 
Conservation translocations (i.e. translocations with the specific purpose of an 
improved conservation outcome) are increasingly used and recommended as a management 
tool for many taxa (Griffith et al. 1989; Fischer and Lindenmayer 2000; Germano and Bishop 
2009; IUCN/SSC 2013; Seddon et al. 2014). However, opinion is mixed as to the 
effectiveness of translocations for amphibian conservation, as assessment depends on the 
definition of ‘success’ used for each translocation endeavour. For instance, Dodd and Seigel 
(1991) defined a translocation as successful, only if evidence is presented that a self-
sustaining population has been established. Using this definition, the authors found a low 
success rate for translocations. Of the projects they reviewed (for five amphibian species), 
one was unsuccessful and four had an unknown outcome. 
Germano and Bishop (2009) used a different definition; a ‘successful’ translocation 
was one is which “there was evidence of a substantial addition of new recruits to the adult 
population … and the site had to have been monitored, at the very least, for the amount of 
time it takes that species to reach maturity” (p. 8). Their review found more promising results 
than that of Dodd and Siegel (1991): from 38 projects reviewed, 53% were classified as 
successful, 29% as unsuccessful and 18% had an unknown outcome. 
Ewen et al. (2014) argued that translocations may or may not serve to meet 
conservation purposes only, and their assessment included not only biological parameters but 
social components as well. They found a 49% success rate in the translocation projects 
reviewed. 
As indicated, different reviews of translocation have used different definitions of 
‘success’. For this reason, it is strongly recommended that all translocation projects use 
explicit and measurable indicators of success (Burke 1991; IUCN/SSC 2013; Ewen et al. 
2014; Miller et al. 2014). 
Some authors argue that whenever extant populations occur, in-situ conservation, 
such as habitat protection, is a safer and more viable alternative than translocation (Reinert 
1991; Zippel et al. 2011). This is because of the potentially deleterious effects of 
translocations, such as the spread of disease (Reinert 1991), and because effective 
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translocations require a detailed knowledge of a species’ ecological requirements (Reinert 
1991; Denton et al. 1997). Nevertheless, there is widespread agreement on the following 
recommendations made in published reviews of the topic (Table 1.1):  
 
• Even if translocations are unsuccessful, it is imperative to publish, either in scientific 
journals or grey literature, in order to advance the effective use of this conservation 
technique (Dodd and Seigel 1991; Germano and Bishop 2009). A large number of 
amphibian translocations are reported only in the grey literature. For instance, 
Griffiths and Pavajeau (2008) reviewed more than twice the number of species 
translocations that Germano and Bishop (2009) did, because they included reports in 
grey literature as well as in scientific journals, although Griffiths and Pavajeau (2008) 
also focused their analysis on a longer time frame (see Table 1.1). Moreover, there is 
a bias in publications towards reports of successful translocations, and this is 
especially true in studies on New Zealand’s herpetofauna (Miller et al. 2014). 
 
• Project managers should commit to post-release monitoring. There is widespread 
agreement that post-release monitoring is an appropriate tool to assess either the 
establishment of individuals, or the timing and cause of failure of the translocation 
(Dodd and Seigel 1991; Nichols and Armstrong 2012). Monitoring also allows for 
adaptive management; managers may choose either to remove remaining individuals 
from an unsuccessful release or to change management techniques in order to 
improve the outcome. Different monitoring time frames have been proposed in order 
to measure the success of the translocation effectively (e.g. Dodd and Seigel 1991 and 
the reply by Burke 1991). However, long-term commitment is always encouraged, not 
only for monitoring, but also for management actions (e.g. predator control) (Griffiths 
and Pavajeau 2008).  
 
• It is critical to assess the habitat quality of the release site. High-quality habitat is 
often considered to be a key determinant of success in translocations of mammals and 
birds (Griffiths et al. 1989; Wolf et al. 1996) and also in reptiles and amphibians 
(Germano and Bishop 2009). The difficulty here lies in defining high-quality habitat 
for a particular group (Hall et al. 1997; Osborne and Seddon 2012). This definition of 
high quality habitat should include effective identification and removal of both the 
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cause(s) of decline (Fischer and Lindenmayer 2000) and threats to the targeted 
species (Griffiths and Pavajeau 2008).  
 
• The number of released individuals need to be carefully planned. Projects of 
amphibian translocation that released more than 1000 individuals were more 
successful than projects that released fewer than 100 individuals (Germano and 
Bishop 2009). For Leiopelma species, Easton (2018) estimated c. 120 individuals as 
an optimal number for translocation, as this would balance the detrimental effects of 
genetic loss in the source population and the genetic viability of the new translocated 
population. Furthermore, the number of individuals translocated will vary with 
species and stage of the life cycle (i.e. translocating 100 eggs is not equivalent to 
translocating 100 reproductive adults).  
 
• Translocations should adopt an interdisciplinary approach and include the 
community, practitioners and academics (Seddon et al. 2012). One of the challenges 
of interdisciplinary teams is establishing effective communication, and so it is 
important for researchers to avoid ambiguity and use clear terminology (Reinert 
1991). This challenge for communication is even more important in projects 
involving bicultural or multicultural relationships (Berkes 2012). In New Zealand, the 
cultural challenge is to include the tangata whenua (local people) in conservation and 
management actions (e.g. translocations) in a way that recognises the intent of iwi 
(tribes) and hapū (sub-tribes) to act as kaitiaki (guardians) (Ruru et al. 2017). 
Although this is often stated as an important aspect of translocation, an effective 
response to the challenge is seldom reported. For example, in the authoritative text 
‘Reintroduction Biology: integrating science and management’ (Ewen et al. 2012a), 
none of the 14 chapters has a social focus, even though social components are 
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Table 1.1. List of publications that comprehensively reviewed amphibian translocations 
worldwide.  











Reviewed the success of translocation programs for 
amphibians and reptiles, based on the published 
literature, unpublished references and personal 








2008 Reviewed how captive breeding and translocations 
have contributed to the conservation of amphibians, 
based on the Global Amphibian Assessment database, 






2009 Reviewed the results of translocation programs 
published in scientific journals from 1991 to 2006, in 
order to re-evaluate the suitability of amphibians and 
reptiles for translocation. 
 
25 
Ewen et al. 2014 Explored the attitudes of translocation managers to 
objectives and successful outcomes, based on the case 
studies of herpetological reintroductions compiled by 





2014 Reviewed all translocations of New Zealand’s 
herpetofauna in order to evaluate the extent of 
publication bias and to reassess projects under a 





2015 Updated Griffiths and Pavajeau (2008) analyses based 
on multiple sources (published and grey literature). 
62 
    
 
In this thesis, a case-study of an amphibian translocation is made in order to examine 
some of the problems identified above, especially in relation to lack of reporting, monitoring 
analyses, habitat quality studies and community involvement. The species concerned 
(Leiopelma archeyi) is highly unusual within the Amphibia, and the next section briefly 
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1.2. The genus Leiopelma Fitzinger, 1861 (Amphibia, Anura, Leiopelmatidae) 
  
All native frogs in New Zealand belong to the genus Leiopelma. Three species of 
Leiopelma (L. auroraensis, L. markhami and L. waitomoensis) became extinct probably 
within the last one thousand years (Worthy 1987b), after human settlement.  
Burns et al. 2018 recognised three extant species in the genus: L. archeyi, L. 
hochstetteri and L. hamiltoni and all are assessed as ‘Threatened’ or ‘At risk’ in the New 
Zealand Threat Classification System (Burns et al. 2018). They are also listed in the IUCN 
Red List of Threatened Species (IUCN/SSC/Amphibian Specialist Group 2015abc, 2017). 
Easton (2018) recently provided genetic evidence against the recognition of L. pakeka as a 
valid taxon, suggesting its synonymization under L. hamiltoni. Yet this taxonomic change has 
not yet to be formally published, L. pakeka will be referred to in this text as 
Leiopelma hamiltoni (after Burns et al. 2018). 
Leiopelma belongs to the family Leiopelmatidae, which possess some of the most 
ancestral features of any living frogs in the evolutionary tree of anurans (Roelants et al. 
2007). Together with Ascaphus of North America, Leiopelma species possess three 
distinctive, primitive morphological features: amphicoelous condition of the vertebrae (i.e. 
the centra are biconcave and the intervertebral cartilage is undivided), presence of two tail-
wagging muscles, and nine presacral vertebrae (one more than any other anuran species) 
(Noble 1931; Stephenson 1951; Stephenson 1961). Other primitive features displayed in 
Ascaphus and Leiopelma are the lack of an ear-drum, the cartilaginous remnants of 
interdorsals and interventrals (same as primitive urodeles) and the presence of abdominal ribs 
(Noble 1931; Stephenson 1951).  
A biogeographic review of the genus Leiopelma is available in Bell et al. (1985) and 
Heads (2017). A summary of subfossil frogs reported in the literature can be found in Bell et 
al. (1985) and in Easton (2018).  
 
1.3. Leiopelma archeyi Turbott, 1942 (Amphibia, Anura: Leiopelmatidae) 
 
1.3.1. Distribution and conservation  
 
Leiopelma archeyi is a terrestrial amphibian that currently occurs only in two areas of 
the North Island, New Zealand (Figure 1.1). The pre-human distribution of this species has 
been defined following genetic identification of fossils collected from the eastern and   




Figure1.1. Geographical distribution of Leiopelma archeyi in the North Island of New 
Zealand. Image source: Easton (2018). 
 
northern part of the North Island using ancient DNA analysis (Easton 2018) (Figure 1.1).   
The conservation status of L. archeyi is categorised as ‘At Risk-Declining’ in the New 
Zealand threat classification system (Burns et al. 2018) and as ‘Critically Endangered’ on the 
IUCN Red List of Threatened Species (IUCN/SSC/ASG 2017). Furthermore, L. archeyi is 
the world’s most Evolutionarily Distinct and Globally Endangered amphibian species (The 
Zoological Society of London [ZSL] 2018). 
 
1.3.2. Discovery and description 
 
The first observations of this species by Europeans were likely those of Smith (1921), who 
accidentally discovered some small frogs in 1862 in the Coromandel area (Tokatea). 
However, based on the type of habitat where the frogs were found, the reports of Maclaren 
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(1898) and Graham (1924) might also correspond to L. archeyi (Turbott 1942; Stephenson 
1961). The first corroborated record of the species relates to the individuals collected by 
Archey (1922) from Tokatea and Cabbage Bay Valley (now known as Colville Bay Valley). 
Many more localities in the Coromandel area have since been added to the DOC (Department 
of Conservation, New Zealand) herpetofauna database (Turbott 1942; Pickard and Towns 
1988; DOC 2018). Subsequently, in 1991 DOC workers discovered a population of L. 
archeyi at Whareorino (Thurley and Bell 1994), more than 130 km SW of the southern-most 
population in the Coromandel area (Figure 1.1). For a chronological summary of 
observations on all Leiopelma species, see Turbott (1942), Stephenson and Stephenson 
(1957) and Bell (1982, 1985a). 
Finally, as L. archeyi was formally described in 1942 (Turbott 1942), it is possible 
that five earlier studies of ‘L. hochstetteri’, using samples provided by G. Archey were in fact 
carried out on individuals of L. archeyi (de Vos 1938a,b; Noble 1927; Wagner 1934a,b). This 
was because, G. Archey, who was the Director of the Auckland Museum, was not aware of 
the existence of two different species at that time and catalogued any native frog as L. 
hochstetteri.  
 
1.3.3. Cultural value, advocacy and public awareness 
 
Leiopelma archeyi are a taonga (treasure) for iwi (Bishop et al. 2013), and Maori have 
an intimate cultural connection with this frog expressed in their whakapapa (genealogy) and 
kaitiaki relationship. With respect to traditional names, the observation described in Graham 
(1924) may have concerned an individual of L. archeyi, as suggested by Stephenson (1961),  
and so ‘kuri-peke’ might be a te reo Māori name used for this species in the Te Moehau area 
of Coromandel. An extended description of Māori cultural connections with native frogs are 
given in Chapter 6 of this thesis.  
In terms of public awareness and advocacy, there are several remarkable children’s 
storybooks that describe the discovery and relevant reproductive facts of L. archeyi (Crowe 
and Roil 1988, reprinted by Crowe and Campbell 1997; Bennetts and Bowles 2008). A wide 
range of information and activities related to native frogs and public awareness is provided 
on the website www.nzfrogs.org. For example, they include a detailed description of all the 
activities organised for the Frog week, held between September 28th and October 4th, and for 
celebrating the Year of the Frog in New Zealand in 2008.   
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Auckland Zoo has a central role in advocacy and public awareness of L. archeyi, as it 
holds the only captive breeding facilities for this species in New Zealand (Ryan 2007). In 
April 2018, there were 25 frogs in this breeding centre, and encouraging results of new 
recruits have been observed since 2012 (Auckland Zoo 2018). Furthermore, the Zoo have 
hosted visits of iwi, researchers and general public to the breeding facilities (see also Chapter 
6). 
 
1.3.4. Life history and reproduction  
 
Quantitative aspects of the life history of L. archeyi that have been documented are 
summarized in Table 1.2. Additionally, Stephenson and Thomas (1945) showed a picture of 
one female partially dissected with ovaries and oviducts displayed. However, many other 
aspects of life history remain unclear or unknown, including the parental care and the 
differential reproductive effort of parents in egg production. 
 
Table 1.2. Published quantitative life history traits for L. archeyi (SVL: snout to vent length).  






Diameter of egg (mm) Not reported c. 5 8.03 ± 0.2 
Clutch size (number of eggs) 3 or 6 2-8 
8.5 (range: 4-
13) 
Size of hatchlings (snout to vent length, 
mm [SVL]) 
Not reported 17-19 19.1 ± 0.3 
Size of froglets (SVL mm) Not reported Not reported 8.7 ± 0.2 




Estimated number of eggs per female1 Not reported Not reported 8.5 ± 0.7 
 
There are no published reports of age to fist reproduction in the wild, although long-
term monitoring data suggests that first reproduction might be reached at c. 5 years after 
metamorphosis (B. Bell pers. comm. October 6th 2017). 
																																																						
1 One clutch may contain eggs laid from more than one female.  
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Egg development typically occurs directly on land, and larvae are intracapsular, i.e. 
there is no free-swimming larval stage (Turbott 1942). Vigorous movements of the muscular 
and vascular tail of the larvae break the capsule, and a small-tailed froglet hatches from the 
egg and climbs onto the male’s dorsal surface (Bell 1985b). The male exhibits parental care 
during the development of the eggs and larval stages (Stephenson and Stephenson 1957). One 
month after hatching the tail disappears, completing metamorphosis (Stephenson 1951). It is 
unclear when the new froglets leave the oviposition site or for how long the parental care 
period is extended after full metamorphosis.  
 More detailed descriptions of egg and larval development are given by Archey 
(1922) and Stephenson (1951). Egg clusters are intolerant to light (Stephenson and 
Stephenson 1957), but no data exist about their thermal preferences and tolerances. The 
annual pattern of the reproductive cycle for this species is summarized in Figure 1.2. Little is 
known about the endogenous and extrinsic factors that determine this pattern. 
The reproductive mode of L. archeyi can be described as eggs deposited terrestrially 
that undergo direct development. This type of reproductive mode is defined as Mode II-D-17 
in Duellman and Trueb (1986), Mode 23 in Haddad and Prado (2005) and Mode 8 in Crump 
(2015). 
Several oviposition sites have been reported for L. archeyi, including under a log or 
under a stone (Archey 1922), and in the base of a crown fern (Thurley and Bell 1994). In 
these sites, a pair of frogs may spend more than one day together before laying eggs (Cree 
and Daugherty 1991).  
Cree and Daugherty (1991) observed multiple pairs of L. archeyi frogs at Tapu 
summit, Coromandel Peninsula, in late October. All pairs consisted of one gravid female and 
a presumed male, some in amplexus (N = 4 pairs of frogs) but others only touching (N = 6 
pairs of frogs). Bell (1978a) observed amplexus in captive frogs of this species, also in 
October. Descriptions of spermatozoa are available only for the other two Leiopelma species, 
L. hamiltoni (Germano 2010) and L. hochstetteri (Scheltinga et al. 2001). 
No secondary sexual characteristics have been reported for L. archeyi other than 
sexual dimorphism in body length (i.e. measured as SVL) (Bell 1978a). However, as 
Germano et al. (2011) demonstrated in L. hamiltoni, sex recognition based on body length 
can be inaccurate given the marked overlap observed in size range measurements for both 
sexes. Sexual dimorphism of the forelimbs occurs in L. hochstetteri (i.e. males have thicker 
forelimbs), but this is not apparent in any of the remaining species of the genus (Bell 1978a). 
 




Figure 1.2. Annual pattern of reproductive activity in Leiopelma archeyi, based on published 
field observations. Sources: Archey 1922; Turbott 1942; Stephenson and Stephenson 1957; 
Bell 1978 ab; Eggers 1998. Photo credits: Patricia Ramirez (left), Richard Gibson (right).  
  
The voice of L. archeyi was first reported by Archey (1935) as a ‘faint squeak’. 
Thomas (1945) described the call as a chirping sound and noted that it was emitted by all 
sizes and sexes (i.e. juvenile, females and males). She also remarked that the call appeared 
louder than expected, in view of the size of the animal. Cree and Daugherty (1991) described 
the calls as 2-3 chirps about 0.5 seconds apart. 
The call was reported to be related with distress, as frogs called in response to the 
vibrations produced after their retreat site was hit with an axe (Thomas 1945). Bell (1978a) 
suggested further studies on the functionality of these calls, as he heard calls in captivity prior 
to oviposition. He also reported similar calls when handling frogs and when a frog was 
mounted by another frog inside the containers and therefore described the sound as a release 
call (after Bogert 1960). Cree and Daugherty (1991) suggested the call had a nest-attraction 
function (i.e. the male calls to attract the female to the oviposition site).  
Conservation translocations that aim to establish amphibian populations in the wild, 
would require adequate planning based on the life history knowledge of the translocated 
species, including both phases, before and after metamorphosis.  
 
October December February
















L. archeyi inhabits sites that remain damp all year round, especially moist hill tops 
(Archey 1922; Stephenson and Stephenson 1957). Stephenson and Stephenson (1957) wrote 
that tree ferns and many kinds of epiphytes become common, deeper in the forest at the 
Tokatea ridge site. 
Terrestrial amphibians evolved adaptations to cope with the inevitable loss of body 
water that takes place while maintaining a moist skin for gas exchange (Duellman and Trueb 
1986). L. archeyi shows high rates of evaporative water loss, but also displays antidiuretic 
and well-developed cutaneous water balance responses (Cree 1985). The emergence from 
retreat sites of this species is strongly correlated with moisture level, and no individuals 
emerged when the relative humidity < 85% (Bell et al. 1985). Frogs are able to rapidly uptake 
water from wet vegetation through their ventral skin (Cree 1989). No information is available 
for other factors determining environmental relationships (e.g. thermoregulation, gas 
exchange and energy metabolism).  
As with the other species of Leiopelma, L. archeyi is crepuscular and primarily 
nocturnal (Stephenson 1961; Bell 1985b). However, a study on retinal structures suggested 
that L. archeyi is the least nocturnal of the three Leiopelma species (Meyer-Rochow and 
Pehlemann 1990). L. archeyi is more active on wet nights, and activity declines during winter 
and other periods of cold temperatures (Bell et al. 1985). 
The skin contains toxic granular glands and the anti-predator behaviour of this species 
is to adopt a head-butting position (Green 1988; Melzer et al. 2011).  
Shaw et al. (2012) analysed stomach contents of 16 individuals of L. archeyi collected 
in the Moehau ranges and found that the species consumes a wide range of invertebrates, 
including springtails, mites, ants, parasitic wasps, amphipods, isopods and snails. Prey 
location is believed to be visual and tactile, and capture of prey is conducted by a 
combination of lurching movements and tongue flips (Eggers 1998; pers. obs.). 
By far the most well-known disease affecting L. archeyi is chytridiomycosis, caused 
by the amphibian chytrid fungus Batrachochytrium dendrobatidis (Bd). Experimental studies 
on L. archeyi concluded that the individuals of L. archeyi from Whareorino are able to 
survive and clear Bd infection under laboratory conditions (Bishop et al. 2009), similarly 
with L. hamiltoni and L. hochstetteri (Ohmer et al. 2013). Other common diseases, especially 
for individuals in captivity, have been described by Shaw (2012). Parasite species found in 
the intestine of L. archeyi individuals are reported in Stephenson and Stephenson (1957). 
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The population density of L. archeyi individuals has been measured for several 
localities, with variable results. For example, Stephenson and Stephenson (1957) reported a 
density of 0.68 frogs/100 m2 in Moehau (Coromandel), while at the same locality, Thorsen 
(1998) reported a density of 3.3 frogs/100 m2. These differences could be related to a 
sampling bias, as Stephenson and Stephenson (1957) did not use a statistical random design 
to select the transects measured. The difference could also have been influenced by the 
predator control programs carried out in the area (Thorsen 1998). Further south on the 
Coromandel, at Tapu, Bell (1994) reported an average density of 1.8 frog/m2 and this was 
attributed to the presence of suitable rocky areas (where densities reach up to 8 frogs/m2). For 
the Whareorino area (Figure 1.1) Smale et al. (2005) reported densities of 1 frog/m2. 
However, despite the known patchy spatial aggregation of individuals (Stephenson and 
Stephenson 1957), it seems that individuals of L. archeyi were already scarce and hard to 
observe in the wild in the early to mid-1900s (Stephenson 1951).  
Based on long-term monitoring data, the longevity of this species in the wild is 
estimated to be over 38 years (B. Bell pers. comm. October 6th 2017). 
In some areas, L. archeyi is sympatric with L. hochstetteri (e.g. Stephenson and 
Thomas 1945), although the two species differ in habitat use (Turbott 1942). L. hochstetteri 
occurs in wetter sites and is considered semi-aquatic, whereas L. archeyi is generally 
observed in moist terrestrial sites (Bell 1978a; Bell et al. 1985). Microhabitat features used as 
retreats by L. archeyi include trees, woody debris and ferns more frequently than leaf litter. 
There is also a size effect on retreat site selection, such that larger frogs use trees more 
frequently than smaller frogs (Ramírez 2017). Furthermore, there is an effect of predators on 
habitat selection for this species, as frogs in areas with predator control tend to use more 
ground level retreat sites than in areas without predator control (Ramírez 2017).  
Throughout its geographic range, L. archeyi co-exists with several introduced 
predatory mammal species, including rats and mustelids (Bell et al. 1985). Additionally, 
Litoria (Ranoidea) aurea predation on L. archeyi has been observed in Whareorino (Thurley 
and Bell 1994), although the extent of this threat is unknown. 
The ecological information detailed above is key to understanding some of the main 
concerns relating to the case study analysed in this thesis. Of special importance are factors 
relating to habitat quality (e.g. habitat use, diet, predation) and design of the monitoring 
program (e.g. density, demography).  
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1.3.6.  Morphology and evolutionary remarks 
 
Colour in life varies between light brown, darker, green (Turbott 1942) and pink 
(Thurley and Bell 1994). Individual colour patterns may be maintained throughout life 
(Stephenson 1961). L. archeyi is the smallest of the three extant Leiopelma species, reaching 
up to 38 mm in snout to vent length (SVL) (Worthy 1987a). A key for morphological 
identification of the Leiopelma species is provided by Bell (1982). 
Recently, Easton (2018) reviewed the taxonomy and genetics of all Leiopelma 
species. He concluded that there was considerable inbreeding in many populations of L. 
archeyi that persist in small numbers, and therefore recommended managing the Waitomo 
District (Whareorino population) and Thames-Coromandel District populations as two 
separate Evolutionary Significant Units (ESUs). Based on allele retention modelling, Easton 
(2018) estimated that a release of c. 120 frogs would be the best option for establishing 
translocated populations successfully, without compromising the genetic and demographic 
viability of the source populations. Genetic considerations in the selection of founder 
individuals are key for assessing the feasibility and design of translocations (IUCN/SSC 
2013). Nevertheless, none of the conservation translocations of Leiopelma spp. have 
investigated their genetic diversity (Easton 2018).  
 
1.4.  The case study used in this thesis: Translocation of Leiopelma archeyi to 
Pukeokahu 
 
In 2013, the ‘Native Frog (Leiopelma spp.) Recovery Plan, 2013-2018’ was published 
in response to the population decline of New Zealand´s native frogs (Bishop et al. 2013). This 
listed strategic directives for the management of the species, and it highlighted the cultural 
importance and public awareness needed to halt the decline. One of the management topics 
proposed in the recovery plan was the establishment of new populations of native frogs 
through translocation to new sites, in order to increase the security of the species (Bishop et 
al. 2013). Prior to 2018, a total of 15 translocations had been conducted for species of 
Leiopelma (Sherley et al. 2010; Karst 2013; Gibson 2017; Ramírez 2017). Twelve of the 15 
had a conservation purpose, and these are detailed in Table 1.3. 
The case study presented in this thesis concerns the only translocation carried out on 
Leiopelma archeyi. This species is restricted to two areas in the North Island: the Coromandel 
Peninsula and a 6 km2 area of Whareorino Forest (Bishop et al. 2013) (Figure 1.1). In the 
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Coromandel, long-term monitoring sites have been surveyed since the early 1970s (see Bell 
1978a). On the Tapu Ridge area, a dramatic decline in mean annual survival rate was 
documented during the period 1994-1996 (Bell 1999; Bell et al. 2004a). Following this 
decline, a significant reduction in the number of frogs was also observed on Tokatea Ridge 
between 1997 and 1998 (Bell et al. 2004a). Finally, a marked decline in search indices (i.e. 
no. frogs/ 100 sites searched and/or no. frogs/hour) over the period 1973 to 2001 was 
detected on Te Moehau mountain (Bell et al. 2004a). Six possible causes for these declines 
were considered, but disease was suggested to be the most likely. This conclusion was based 
on “(1) the rapidity and severity of declines, (2) the progressive (south to north) nature of the 
outbreaks, and (3) evidence of chytridiomycosis infection in dead or sick frogs at the time of 
decline” (Bell et al. 2004a, p. 197). 
Meanwhile, Bell et al. 2004a reported that one dead individual found in 2001-2002 in 
Whareorino (Figure 1.1) tested positive for the presence of chytrid fungus. This result was 
confirmed in June 2006, using a new diagnostic technique (polymerase chain reaction [PCR], 
see Haigh et al. 2007b).	However, a low prevalence of 5-6% of the chytrid fungus identified 
in the area north of Whareorino on L. archeyi frogs caused concern (Smale and Wallace 
2006). At that time, the chytrid fungus was considered the most worrying pathogen for 
amphibians (Beebee and Griffiths 2005), and it was implicated in mass mortalities and 
population declines worldwide (Berger et al. 1998; Daszack et al. 2003; Lips et al. 2006).  
Subsequently, the Waikato Conservancy staff of the New Zealand Department of 
Conservation (DOC) proposed to reduce the risk of decline due to disease in the Whareorino 
population through: (1) supplementing the existing captive population of the species at 
Auckland Zoo, and (2) establishing a new wild population (Smale and Wallace 2006). Only 
the second procedure is considered in this thesis. 
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Table 1.3. Conservation translocations carried out for Leiopelma species in New Zealand. The reason for translocation and the outcome 
categories follow the definitions of Sherley et al. (2010). 















2006 70 To reduce disease risk. Unknown 




Stephen Island 1992 12 To increase number of individuals and range of species 




2004 40 To increase number of 






1984 43 To increase number of 
individuals and range of species Breeding confirmed 1985 57 
Motuara Island 1997 300 
To increase number of 
individuals and range of species Breeding confirmed 
2014 300 Supplementation  Unknown 
Long Island 2005 101 
To increase number of 
individuals and range of species, 
along with ecological restoration 
 
Status uncertain. Survived 
long-term in low numbers, 





To increase number of 
individuals and range of species, 
along with ecological restoration 
 
Breeding confirmed 
2012 101 Supplementation Unknown 
Sources: Sherley et al. 2010; Karst 2013; Gibson 2017; Ramírez 2017; and the present study.
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The first release of this translocation comprised 70 individuals that were captured in 
September 2006 in Whareorino and released in Pukeokahu Forest (hereafter referred to as 
Pukeokahu) in December, after three months of quarantine at Hamilton Zoo (Figure 1.1). Ten 
years later, 60 new frogs were translocated, again from Whareorino (captured in April 2016) 
to Pukeokahu (released in October 2016 after six months of quarantine at Auckland Zoo). 
The aim of the second translocation was to enhance the genetic and demographic profile of 
the original translocated population (Gibson and Gibson 2015). The analyses in the present 
study concern both release events (Figure 1.3). 
 
Figure 1.3. Study areas included in this thesis (red square): donor site (Whareorino) and 
release site (Pukeoahu).  
 
1.5. Framework of the research methodology adopted in this thesis  
 
The overarching aim of this thesis is to analyse the translocation of Leiopelma archeyi 
from Whareorino to Pukeokahu (Figure 1.3), in a way that contributes to two specific goals: 
(i) improve translocation management of this species in the region (King Country), and (ii) 
offer a framework of theoretical, practical and cultural components to account for planning 
new translocations.  
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The individual chapters in the thesis correspond to a series of specific studies that 
were conceived after gaps in knowledge were identified in the literature. Topics covered are: 
report of procedures (Chapter 2), post-release monitoring analysis (Chapter 3), habitat studies 
(Chapter 4 and 5), and community involvement (Chapter 6). Finally, the results of these 
studies were integrated into a series of management recommendations discussed in Chapter 7. 
Due to the historical review process included in this thesis, there is a combination of data 
sources (Figure 1.4). 
The methodological framework follows a holistic approach, gathering together 
techniques from several disciplines to analyse the whole translocation process (Table 1.4).  
The research reported in the thesis crosses boundaries between disciplines. For this reason, 
the study chapters here described often present overlap or multipurpose research objectives 
and/or activities (Soulé and Orians 2001). For example, in order to estimate demographic 
parameters for the translocated frogs (Chapter 3) it was necessary to trial changes in the 
monitoring design (Cisternas et al. 2017). This activity was used in the partnership developed 
with iwi (Chapter 6). In another example, the outcomes of one the monitoring activity 
(reported in Chapter 3 as frog counts for capture-recapture studies and in Chapter 6 as one 
partnership activity between local Māori and researchers), are the base information for one 
management decision included in the translocation site (reported in Chapter 2 as location of 
the 2016 fence).  
Additionally, an adaptive environmental assessment and management approach was 
used to deal with the issues of uncertainty concerning management actions and monitoring 
procedures; it was important to propose actions that allow adjustments in relation to the 
results (after Holling 1978) (e.g. the review of post-release monitoring results was re-
analysed three times during the development of this thesis to include the results obtained in 
2015, 2016 and 2017, respectively). Furthermore, it was essential for the development of this 
thesis to engage with practitioners and stakeholders, not only for the selection process of 
management recommendations, but in particular for the development of cross-cultural 
partnerships (after Moller et al. 2009; Tipa et al. 2009).  




Figure 1.4.  Source of data used in this thesis. Dashed-black lines represent the beginning of this research. Abbreviations: AZ = Auckland Zoo, 
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Table 1.4. Research methodology used in this thesis. 











What procedures were used during the 









3 Demography What is the population size, survival rate, 








Does L. archeyi often use ponga as an 
oviposition site? If yes, what structural 
characteristics do these ponga have? 
 
 
Quantitative Descriptive and 
correlational 
Natural history 
observations;  regression 
and hierarchical models 
5 Ecology To what extent much does the microhabitat 




Quantitative Comparative Comparison of microhabitat 
variables in the donor and 
release sites 
6 Human ecology How could indigenous rights be 
incorporated into translocation 
management? 
 
Qualitative Case study and 
Ethnography 
Interviews and ethnography 
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1.5.1. Thesis structure and summary of chapters  
 
The Chapters are written as a series of separate papers to be submitted for publication, 
and therefore there is some unavoidable duplication of content that was minimised where 
possible.  
 
Chapter 2: An evaluation of the procedures used during the translocation of Leiopelma 
archeyi from Whareorino to Pukeokahu 
 
This chapter reviews all available information about the 2006 and 2016 translocations 
of frogs to Pukeokahu. The information was obtained from technical reports requested 
through the Official Information Act 1982, personal emails and published documents. This 
information was linked with the demographic results obtained with the capture-recapture 
analyses performed in Chapter 3. Moreover, this information was used as a basis to define the 
management recommendations for planning further translocations of L. archeyi (summarised 
in Chapter 7).  
 
Chapter 3: Analysis of the monitoring of the translocated Leiopelma archeyi population 
in Pukeokahu using capture-recapture methods 
 
Capture-recapture analyses were carried out in order to estimate demographic 
parameters of the frogs at Pukeokahu, such as population size, survival and recruitment. 
Additionally, a methodological deficiency was identified in relation to the number of frogs 
captured per night of monitoring. For this reason, a further analysis was performed to 
determine the optimal monitoring procedure to run with the capture-recapture analysis 
proposed in the original monitoring plan.  
 
Chapter 4: Use of dead tree-fern (ponga) trunks as oviposition sites by Leiopelma 
archeyi: implications for translocation management  
 
Knowledge of oviposition sites used by L. archeyi could be used to enhance 
translocation success. This chapter investigates the regular use of ponga trunks by L. archeyi 
as oviposition sites. The structural characteristics of ponga trunks used by the frogs (length, 
diameter at opening, and orientation in relation to the ground) were studied.  
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Chapter 5: How much do they match? Comparison of microhabitat features between 
the donor and release sites 
 
Biotic and abiotic microhabitat features in the donor (Whareorino) and release 
(Pukeokahu) sites were compared. In the absence of previous habitat quality studies for 
Leiopelma, quality of habitat was determined by the parameters present in the donor 
population. This study serves a basis for further investigation into testing these habitat 
features and gain a better understanding of what constitutes habitat for this species, thereby 
providing information for future selection of translocation release sites. 
 
Chapter 6: Bicultural partnership for the translocation management of Leiopelma 
archeyi in the King country  
 
In New Zealand it is a legal requirement to involve tangata whenua in making 
decisions about the management of taonga species. For this reason, a partnership associated 
with the protection of L. archeyi was developed, and this included local iwi, the University of 
Otago, DOC, and the Auckland Zoo. The whānau (family groups) deepened their knowledge 
of, and interest in the frogs, and this strengthened their kaitiaki role. This chapter includes a 
detailed description of how and why translocations in New Zealand have a special cultural 
impact relate to the Māori connection to the land and this taonga. 
 
Chapter 7: General discussion and conclusions 
 
This chapter presents the general conclusions of the thesis, including management 
recommendations and suggestions for future studies. The most relevant findings of each 
chapter are summarized. The second part of the chapter highlights feasible recommendations 
for the long-term management of L. archeyi translocation in the Waikato region. 





An evaluation of the procedures used during the translocation of 
Leiopelma archeyi from Whareorino to Pukeokahu  
	
 
2.1. Introduction  
 
Conservation translocations are the human-mediated movement of living organisms 
that yield a conservation benefit for the species at a population level (IUCN/SSC 2013). 
Survival after release (i.e. how many individuals survived the translocation process), has been 
identified as a critical step for the establishment of new populations via translocations (Jule et 
al. 2008). Thus, at least in a first instance, survival at the individual level should be the focus 
of attention within the translocation planning and strategy design (Parker et al. 2012). 
Translocations, particularly animal translocations, are most probably perceived as a series of 
consecutive stressful events that may have a detrimental, cumulative effect (Texeira et al. 
2007; Dickens et al. 2010). If these stressful events accumulate and trigger chronic stress on 
the translocated individuals as proposed by Dickens et al. (2010) and Parker et al. (2012), the 
translocation success will be threatened. Stress has been implicated as the main cause of 
failure in several unsuccessful translocations (Texeira et al. 2007). The best way to avoid 
chronic stress is to carefully plan and design the procedures used in a translocation, including 
all the details and theory that were adopted in defining the design and strategy applied 
(Parker et al. 2012; Parker et al. 2015).  
The procedures of a translocation are often described and analysed within four 
components: capture, captivity, transport, and release of animals into a novel environment 
(Parker et al. 2012). The translocation procedures used are critical for understanding the 
physiological effect of stress experienced by the animals during the establishment phase of a 
translocation (Dickens et al. 2010, Parker et al. 2012). Thus, translocation procedures should 
be designed in total compliance with the species biology or the best available information 
(Denton et al. 1997; IUCN/SSC2013).  
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A detailed analysis of the procedures used in a translocation may indicate possible 
improvements for future translocations, even in the absence of a theoretical or experimental 
approach (Armstrong and McLean 1995). For instance, in undertaking a post-hoc analysis of 
the survival of translocated animals, e.g. test a posteriori if the capture conditions or 
familiarity of individuals at release had an impact on the survival of the translocated 
individuals (see Armstrong and Craig 1995), it is necessary to have detailed information on 
the collection site of individuals, the time of the day, and the methods used in catching the 
animals (see further examples in Lebreton et al. 1992). A review of translocation procedures 
will assist in eliminating as many potential stressors as possible from the translocation 
process, thus optimising the translocation outcome (Dickens et al. 2010; Parker et al. 2012). 
In addition, biological knowledge about the target species would also play a key role in the 
definition and amendment of these procedures (Denton et al. 1997; Parker et al. 2012).  
Regrettably, information on the procedures followed in the translocation of Leiopelma 
archeyi frogs from Whareorino to Pukeokahu (see Chapter 1) is scarce and difficult to obtain. 
As of 2018, there were only two scientific published documents in the public domain about 
this translocation: Haigh et al. (2007b) and Sherley et al. (2010). Haigh et al. (2007b) consists 
of a poster abstract of the study entitled “Emergency translocation as a response to the 
detection of Bd into a naïve threatened population of Leiopelma archeyi in New Zealand” 
presented at a scientific conference held in the USA (United States of America) organised to 
discuss the threat of the amphibian chytrid fungus (see Bakal et al. 2007). In the abstract, 
Haigh et al. (2007b) gave details about the reasoning to justify the collection of 100 frogs for 
translocation and the fate of each of them: 12 frogs went to the University of Otago for 
research purposes, 16 frogs went to supplement the captive population at Auckland Zoo, and 
70 frogs were released in the wild at Pukeokahu forest. The second published document, 
Sherley et al. (2010) is a review of translocations carried out in New Zealand, entitled 
“Summary of native bat, reptile, amphibian and terrestrial invertebrate translocations in New 
Zealand”. In this document, the translocation of frogs to Pukeokahu is specifically mentioned 
only in the Annexe, as part of a summary table with information about: date of release, 
number and composition of the animals released, source and release sites, the reason for the 
transfer, and outcome of the translocation.  
The main objective of this study was to provide an in-depth account of the procedures 
used in the translocations of L. archeyi to Pukeokahu in 2006 and 2016. This summary of 
procedures is detailed for each of the four components usually applied in translocation 
analyses: capture, captivity, transport and release to a novel environment. Furthermore, an 
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emphasis on the stress related to each of these components and how to minimise them is 
discussed. This analysis was used as a baseline for the research started by the author in 2015, 
but is also expected to serve as a reference for future translocations on Leiopelma species.  
  
2.2. Materials and methods 
 
To generate baseline information, 37 publications and reports on the Pukeokahu 
translocation were examined, in addition to the two scientific published documents (i.e. 
Sherley et al. 2010; Haigh et al. 2007b) available in the public domain. Most of the sources 
consulted were unpublished documents, reports and file notes from DOC (Department of 
Conservation, New Zealand), and these were accessed through the Official Information Act 
1982 (OIA) request system (all available in Appendix A). Because some of the documents 
were anonymous, they are referred to in the text below using ‘OIA’ followed by a specific 
number (Table 2.1, Appendix A). Additional sources examined included other unpublished 
documents or those with restricted access (e.g. Newsletter of the Society for Research on 
Amphibians and Reptiles in New Zealand [SRARNZ]), and personal conversations with 
people involved in both releases (e.g. personnel from DOC) (Figure 2.1). Finally, some of the 
procedures described below correspond to the research components incorporated in the 2016 
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Table 2.1. List of documents accessed through the OIA process and consulted in this study. 
(Abbreviations used. FRG: Frog Recovery Group).   
OIA number Author(s) Year What information does it contain? 
OIA-01 Anon. 2006 Schedule for collection 




2006 Translocation proposal 
OIA-04 Anon. 2006 Field sheets for collection 
OIA-05 Anon. 2006 A brief report of the translocation 
OIA-06 Anon. 2006 Frog conditions during quarantine 
OIA-07 Anon. Unknown Composition of frogs released 
OIA-08 Anon. 2006 Translocation task list 
OIA-09 Smale 2006a Brief of translocation information  
OIA-10 Smale 2006b Translocation monitoring plan 
OIA-11 Anon. 2006 Schedule and logistics  
OIA-12 Anon. 2006 Weight summary of frogs translocated  
OIA-13 Anon. 2006 Weight analysis of frogs translocated 
OIA-14 Smale 2006c Report of the translocation to the FRG  




2007c Poster presented at a conference 




2015 Translocation proposal 
OIA-19 Anon. 2015 Translocation Authorisation  
OIA-20 Anon. 2016 Translocation summary before release  
OIA-21 Gibson 2017 Translocation report to the FRG 
OIA-22 Anon. 2006 Transfer record of final destination 
OIA-23 Anon. 2006 Collection of frogs data 
OIA-24 Anon. 2016 Frog translocation data 
 
 




Figure 2.1. Numbers of different sources of information used in this study (N=37). Green: 
scientific published documents available in the public domain, e.g. peer-reviewed articles in 
scientific journals. Yellow: documents accessed through OIA. Orange: personal 
communications. Red: documents that were difficult to access. The latter include documents 
that are only accessible to specific people. Examples of these are the Society for the Research 
on Amphibians and Reptiles (SRARNZ) newsletter, which only members of the Society can 
access, and personal or private e-mails that include technical information and discussions. 
 
 
Figure 2.2. Diagram to specify who did what and when during translocation of L. archeyi 
frogs from Whareorino to Pukeokahu in 2006 and 2016. Abbreviations used: DOC = 
Department of Conservation; HZ = Hamilton Zoo; AZ = Auckland Zoo; JC = Javiera 













The source for all frogs released in Pukeokahu was the Whareorino population 
(Sherley et al. 2010, OIA-18). The size of the source population was estimated to be around 
5,000 to 20,000 frogs (Haigh et al. 2007a), and long-term capture-recapture information 
revealed that the population size was generally stable (Bridgman 2015). A summary of 
information on collection site, collection methods, and the number of individuals collected is 
given in Table 2.2. and OIA-01, OIA-05, OIA-17, OIA-23, and OIA-24. 
 
Table 2.2. Numbers of frogs collected in Whareorino during 2006 and 2016 for translocation 
purposes. Information includes site ID, date, time and area where the frogs were collected. 
Source: OIA-23 and OIA-24.  
Year Site ID Date Time Area 




September 6th Day 
North 
10 
September 9th Night 16 
B 
September 6th Day 11 
September 9th Night 2 
C September 6th Day 9 
D September 5th Day 
South 
8 
E September 5th Day 5 
F 
September 5th Day 14 
September 8th Day 1 
G September 7th Night 24 
2016 
1 April 11th 
Night North 
20 
2 April 11th 20 
3 April 11th 20 
4 April 11th 20 
TOTAL 11 6 n/a 2 180 
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Frogs were searched via visual encounter, with the help of a head-torch. When a frog 
was located, it was caught and placed inside a plastic bag/container ready for transport (OIA-
02). In 2006, diurnal searching included looking for retreat sites (e.g. frogs were searched 
under logs or stones), while during the nocturnal search carried out in 2006 and 2016, only 
emergent frogs were captured (OIA-14; OIA-21). Nitrile gloves were used when handling 
frogs. 
The criteria used to determine the sex composition of the frogs captured for both 
releases are summarized in Table 2.3. In the 2006 translocation, it was recommended that 
small frogs (SVL < 25 mm) should not be collected because of the low survivorship recorded 
for this size class in previous transfers to captivity (OIA-03). 
 
Table 2.3. Size and sex composition of frogs collected in 2006 and 2016. Size range 
categories according to OIA-03 and OIA-04. SVL = snout to vent length.  
Size range (SVL) with indicative sex group  2006 2016 Total 
< 25 mm : sub adults 6 6 12 
25-29 mm : male bias 52 24 76 
30-34 mm : female bias 28 42 70 
≥ 35 mm : females 14 8 22 




In 2006, after collection, all frogs were kept in quarantine for three months at 
Hamilton Zoo (Bishop et al. 2009). Frogs were housed individually in plastic terraria 
(enclosures) on moistened paper towels (Potter and Norman 2006). The size of the terraria 
was 30 cm x 19.5 cm x 20 cm, and they were maintained in a temperature-controlled 
darkened room (OIA-03). The frogs were checked daily and fed several times per week. In 
addition, they were weighed and examined weekly (OIA-12). Disease screening was carried 
out by taking skin swabs for chytrid fungus diagnosis and faecal samples for cryptosporidia, 
salmonella, and parasites (OIA-03; OIA-06). Twelve frogs tested positive for chytrid fungus 
(OIA-06) and were transferred to the University of Otago for disease research (OIA-03; see 
Bishop et al. 2009). Most of the frogs gained weight during the quarantine period and 
remained active and healthy (OIA-12; OIA-13; OIA-14). However, two frogs died during this 
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period: one was infected with chytrid and one died of dehydration due to a husbandry issue 
(OIA-14). The temperature in the temperature-controlled room ranged from 8-15°C.   
Prior to release, each frog was photographed following procedures given in Bradfield 
(2004) for individual photographic identification of L. archeyi from natural markings.  
Frogs collected in 2016 remained for six months in Auckland Zoo for quarantine, and 
sex determination (by urine analysis) and disease screening were conducted (OIA-21). 
During quarantine, each frog was kept in individual terraria (30 cm x 20 cm x 25 cm) inside 
an environmentally-controlled room (temperature, humidity, and photoperiod) (OIA-19; 
OIA-21). Time-clock controlled fluorescent tube lights provided illumination and UVB. 
During the quarantine, frogs were fed three times each week, weighed four times and tested 
for amphibian chytrid fungus twice. Only one of the eighty frogs sampled tested positive for 
chytrid in the first screening, which subsequently died before the second screening (OIA-21; 
OIA-24). A total of three frogs died during the 28 weeks of quarantine: one frog died on 
August 4th, 2016 because of a husbandry issue and two frogs died on September 16th, 2016, 
but the reason for death remains uncertain (i.e. the frog tested positive for amphibian chytrid 
fungus, but post-mortem results did not show signs of fungi in the skin) (OIA-21; R. Gibson 




In 2006, frogs were collected at Whareorino during day and night and were 
transported within 24hr of capture to Hamilton Zoo. Frogs were carried out from the capture 
site by hand, inside chilly bins, for up to two hours on foot over rough terrain. They were 
then transported by car from Whareorino to Hamilton, a two-hour drive. At the time of 
release, frogs were transported from Hamilton Zoo directly to the release site (about two 
hours driving) and then a 30-minute walk on a flat forest track from the car park to the actual 
release site (OIA-11; OIA-14).    
In 2016, all frogs were captured during the first night and transported to Auckland 
Zoo the following day. Frogs were carried out by hand from the capture site inside chilly 
bins, for up to two hours on foot over rough terrain. They were then transported by car from 
Whareorino to Auckland for about a further 4 hours driving (OIA-20; OIA-21).  During the 
release of the frogs, individuals were transported by car from Auckland to Te Kuiti 
(approximately 3.5 hours) where iwi (tribe) were waiting to bless the frogs with a karakia 
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(prayer recital) (c. 30 minutes). The frogs were then transported by car from Te Kuiti to the 
car park in Pukeokahu (c. 1 hour). Finally, they were held there for c. 90 minutes while a 
second karakia was performed, and kai (food) was provided while waiting for dusk. After 
that, frogs were transported in the chilly bins by hand for a 30-minute walk on a flat forest 




2.3.4.1. Release site 
 
The release site chosen for the 2006 and 2016 translocations was Pukeokahu forest 
(OIA-03; OIA-18). The criteria applied for site selection included: (i) presence of ‘frog 
habitat’ (i.e. presence of ground ferns, grasses, and logs); (ii) abundance of invertebrate 
fauna; and (iii) presence of the closely related L. hochstetteri in the Pukeokahu ridge area 
(OIA-03; OIA-16). However, no quantitative habitat studies were conducted before release. 
Moreover, even when L. archeyi and L. hochstetteri occasionally occur sympatrically (e.g. 
Thomas and Stephenson 1945), there is a clear syntopic habitat differentiation, i.e. L. archeyi 
inhabit terrestrial areas and L. hochstetteri semi-aquatic areas (Archey 1922; Bell 1978).  
Two central management actions were developed to improve the habitat quality of the 
release site: 1) a protective herbivore-resistant fence was built, and 2) pest control was 
implemented (OIA-08; OIA-09). The herbivore-resistant fence was erected in 2006 to 
exclude pig and deer from the release site, and it encompassed an area of c. 400 m2 (Figure 
2.3 and 2.4). In July 2016, the fence was extended to enclose an area of c. 1600 m2. This 
extension incorporated areas where clusters of frogs were observed outside the area fenced in 
2006 (Figure 2.4 and Appendix B).  
The 2006 pest control program treated a 350 m x 350 m area around the frog release 
site for rat control, using a mix of traps and anticoagulant poison stations (OIA-14). In 2016, 
an aerial drop of 1080 poison was conducted in the area several months before the release 
(OIA-21). Rodent control was later expanded and intensified with the inclusion of self-
resetting Goodnature A24 traps (OIA-21). All predator control operations have been 








Figure 2.3. Herbivore-resistant fence installed in 2006 around the release site (photo taken in 
February 2016).  
Figure 2.4. Diagram of the translocation release site in Pukeokahu Forest. The original 2006 
release area is denoted as a red square and the 2006 herbivore protective fence is denoted as a 
blue line. The 2016 release area is denoted as a green square and the 2016 herbivore 
protective fence is denoted as a purple line.  
10 m
2006 fence perimeter outline
2006 fence outline, removed in 2016
2006 release area (100 m2)
2016 release area (360 m2)
Overlap release area for 2006 and 2016 (40 m2)
2016 fence perimeter outline
KEY
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2.3.4.2.Size (sex/age) composition and condition of individuals released 
 
The average size (measured as SVL) of individuals released in 2006 was 29.4 mm 
(range: 23 – 37.5), and in 2016 it was 29.3 mm (range: 20 – 37) (Figure 2.5) (OIA-22; OIA-
24). The individuals released in 2016 were also sexed using a novel technique that relies on 
hormone metabolite levels in frog urine (Germano et al. 2012). According to this analysis, the 
individuals released in 2016 comprised 28 males (average size: 29.1 mm, range: 24-33 mm), 
17 females (average size: 32.5 mm, range: 28-37 mm) and fifteen individuals of 
undetermined sex (average size: 26.2 mm, range: 20-30 mm) (OIA-21). 
 
 
Figure 2.5. Size distribution of Leiopelma archeyi individuals released in Pukeokahu Forest 
in 2006 (N = 70) and 2016 (N = 60). Sex-size range categories follow sex identification 
results obtained from individuals collected for the 2016 translocation only (OIA-24). 
 
All individuals released in 2006 and 2016 were chytrid negative and in healthy 
condition at the time of release (OIA-14, OIA-21). For the 70 frogs released in 2006, mean 
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and only five frogs lost weight (OIA-14). In 2016, weight change of individuals averaged 0.2 
g (range: -1.8 - 2 g) (OIA-24). 
 
2.3.4.3.Release strategy  
 
On December 13th, 2006, 70 individuals were released during the day into damp 
retreats under logs and ferns at a density of 1 frog/m2, inside a 10 m x 10 m grid (OIA-22) 
(Figure 2.6). It is estimated that frogs were released between mid-day and 1 pm (OIA-11; 
OIA-15). 
 
 A	 B	 C	 D	 E	 F	 G	 H	 I	 J	
23	 X	 X	 X	 X	 X	 X	 X	 X	 X	 X	
22	 X	 X	 X	 X	 X	 X	 X	 X	 X	 X	
21	 X	 X	 X					X	 X	 X	 X	 X	 X	 X	 X	
20	 X	 X	 X	 X	 X					X	 X	 X	 X	 X	 X	
19	 		 		 X	 X	 X	 X	 X	 X	 X	 X	
18	 		 		 X	 X	 X	 X	 X	 X	 X	 X	
17	 		 		 		 		 X	 X	 X	 X	 X	 X	
16	 		 		 		 		 X	 X	 X	 X	 X	 X	
15	 		 		 		 		 		 		 		 		 		 		
14	 		 		 		 		 		 		 		 		 		 		
Figure 2.6. Individual allocation of 70 Leiopelma archeyi frogs released in 2006. Letters A to 
J: 1 m column lanes. Numbers 14 to 23 in bold: 1 m wide row lanes. X: 1 frog release. The 
ID number of each frog released and its release location are available in OIA-22. 
 
On 18 October, 2016, a total of 60 frogs were released after dusk (c. 9 pm), on the 
ground, in an area of 20 m x 18 m (Figure 2.4). During this second release, an experimental 
trial was carried out in order to study the relationship between biotic factors such as fern 
coverage and canopy coverage at the release site and post-release dispersal. Therefore, each 
frog was released in the centre of an assigned 1 m x 1 m stratified random plot (Figure 2.7). 
No frogs were released in sites with canopy coverage < 65% due to the risk of dehydration 
associated with direct sun exposure (grey squares in Figure 2.7). Frogs were released 
following a balanced distribution between sex, fern categories at the release point and 
familiarity with other frogs from the collection site in Whareorino (frogs were assessed as 
‘familiar’ if they were originally collected in the same transect, ‘unfamiliar’ if collected from 
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different transects, sites defined as in OIA-24) (Figure 2.7). Individuals were randomly 
allocated within treatments. 
  
		 G	 H	 I	 J	 K	 L	 M	 N	 O	 P	 Q	 R	 S	 T	 U	 V	 W	 X	
33	 		 		 		 		 		 		 U1	 U2	 		 		 		 		 		 		 		 		 		 		
32	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		
31	 		 		 		 		 		 F4	 		 		 		 		 		 U2	 M4	 		 		 		 		 		
30	 		 		 		 		 		 		 		 		 		 		 		 		 U1	 		 M4	 		 		 		
29	 		 		 		 		 		 		 		 		 		 		 		 		 		 M2	 		 U1	 		 		
28	 		 		 		 		 		 F4	 		 		 M3	 		 		 		 		 M4	 		 F3	 		 		
27	 		 		 		 		 		 		 		 		 		 		 		 		 		 F3	 M2	 F1	 U4	 		
26	 		 		 		 		 		 		 		 		 		 		 		 		 M4	 M1	 		 		 		 		
25	 M2	 		 		 U1	 		 		 F2	 		 		 		 		 		 		 		 		 		 		 		
24	 		 M3	 		 		 		 		 		 M1	 		 		 		 U1	 		 		 		 		 		 		
23	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 M4	 		 		 		
22	 M2	 M3	 		 		 		 		 		 M3	 		 		 F1	 		 		 		 U3	 		 M3	 		
21	 F1	 		 		 		 		 		 		 		 		 		 		 F2	 		 		 		 		 		 		
20	 M4	 		 F4	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		
19	 		 U1	 		 		 U3	 M4	 		 		 		 		 		 F1	 		 		 		 		 		 		
18	 F2	 		 		 U1	 F2	 		 		 		 M2	 		 		 		 		 		 		 		 		 		
17	 		 		 		 		 		 		 M1	 F4	 		 		 		 		 M1	 		 M4	 		 		 		
16	 M1	 		 		 		 M2	 		 		 		 		 		 		 		 		 		 		 		 		 		
15	 		 		 		 		 M1	 U4	 M1	 		 F1	 		 		 		 		 		 		 		 		 		
14	 		 U4	 		 M3	 		 F3	 U2	 		 M3	 		 		 F2	 		 		 		 		 		 		
Figure 2.7. Fern categories used for the experimental trial of the release of Leiopelma archeyi 
frogs in Pukeokahu Forest in 2016. Blue: low fern coverage (<15%). Yellow: medium fern 
coverage (between 15% and 50%). Green: high fern coverage (>50%). Grey: disqualified 
independent of fern coverage due to <65% canopy coverage. Sex composition: M = male, F = 















The publication of translocation research and procedures is essential for optimal 
translocation management (Armstrong and McLean 1995; Fischer and Lindenmayer 2000). 
Because translocations could fail and/or cause unintended detrimental changes, it is very 
important to design and scrutinize them rigorously (IUCN/SSC 2013). Before this thesis, the 
information in the public domain about the Pukeokahu translocations was minimal, and 
comprised a succinct summary in Appendix 1 of Sherley et al. (2010), the abstract of a poster 
presented at a conference (Haigh et al. 2007b) and the brief mention of the translocation 
occurrence in two peer-reviewed scientific published studies (Potter and Norman 2006; 
Bishop et al. 2009). Although, in the published studies the frogs were originally collected for 
this translocation, they were not released, as they were used in either an experiment (Bishop 
et al. 2009) or became part of the captive breeding program at Auckland Zoo (Potter and 
Norman 2006).  
Despite the lack of readily available data on the translocation, the present study 
showed that the information did exist, but was widely scattered in the grey literature; 84% of 
the information was in unpublished documents accessed through the OIA. There is a general 
bias in translocation actions towards not publishing the procedures used, particularly in the 
case of unsuccessful translocations (see Chapter 1). Even when there is a wide call for the 
publication of procedures (as seen in Armstrong and McLean 1995; Parker et al. 2012), 
information about translocations in New Zealand largely exists only in the memory of the 
participants involved. For example, Sherley et al. (2010) based an account of the 2006 
Pukeokahu frog translocation on personal communication with the leader of that 
translocation; Gaze and Cash (2008) based their description of translocations in the 
Marlborough Sounds mainly on the memory of the people involved in those translocations 
for the last 40 years.  
For the New Zealand herpetofauna, Miller et al. (2014) reported a bias towards 
reporting only the successful translocations; they also critiqued the definition of success and 
proposed a revised definition for assessing projects. Miller et al. (2014) also reported that of 
the New Zealand herpetofaunal translocations carried out between 1984 and 2008, half were 
not reported (N = 39, total = 74), and c. 84% of their outcomes were not published either (N 
= 62, total = 74).  
Between the translocation in 2006 and 2016, several important improvements were 
made in the procedures. The ideal captive diet recommended by Shaw et al. (2012) was used, 
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and this resulted in a mineral enrichment (e.g. calcium supplementation) of the frogs’ diet 
(OIA-21). The timing of the translocation followed the recommendation of Germano and 
Bishop (2007) for terrestrial Leiopelma species, and the frogs were captured after the 
breeding season in April (OIA-21). In addition, instead of releasing frogs at noon, as in 2006 
(see OIA-11 with the schedule and logistics planned and OIA-15 for pictures of the release), 
in 2016 frogs were released at dusk (pers. obs.), thus the risk of desiccation was reduced.  
The only new procedural element used in 2016 that could have caused a deterioration 
in the conditions of the translocated frogs was the ‘veterinary screening’. This process could 
have led to extra stress in the animals, as a consequence of extra handling and examination 
for obtaining urine (enough to determine sex) (after Germano et al. 2012). This is the only 
Leiopelma species translocation that has actually determined the sex of the animals being 
released (Sherley et al. 2010; Karst 2013; Gibson 2017; Ramírez 2017). Thus, the procedure 
involves a trade-off between acquiring knowledge and an eventual increase of stress in 
individuals. 
Several elements identified in other studies as causing stress during translocation (i.e. 
Texeira et al. 2007; Dickens et al. 2010; Parker et al. 2012) have not yet been discussed and 
might be interesting to add during the planning stages of future translocations, some of which 
are discussed below. 
There are two factors that need to be considered in order to minimise stress in 
enclosures: (i) size of enclosure: larger enclosures are preferable unless the holding period is 
very short (measured for laboratory mice by Sherwin [2004]; in domesticated budgerigars 
[birds] by Gebhardt-Henrich and Steiger [2006]); and (ii) frequency of enclosure changes: 
enclosure changes should be kept to a minimum to reduce stress (Parker et al. 2012). Given 
that the biosecurity protocols associated with Leiopelma species included quarantine and 
disease screening (OIA-03; OIA-18), logistically at least three enclosures were used for 
translocation in 2006 and 2016 (capture and transport to captivity, during captivity, transport 
to release). The stressors associated with the change of enclosures (e.g. fluctuating 
temperature and humidity; unexpected noise, vibrations and light) should be minimized in 
further translocations (Parker et al. 2012). 
An additional three elements are to be considered about the characteristics of the 
enclosures used during capture, captivity and/or transport: the amount of light to which this 
nocturnal animal is exposed during transport and captivity (i.e. luminosity of the enclosures), 
number/size of the enclosures, and substrate used inside the enclosure. The luminosity to 
which the frogs are exposed and the effect of incorporating substrate from the site of 
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collection in the enclosures, have not been tested, nor considered in this translocation. As 
many anurans, L. archeyi is active during the night and inside darkened retreat sites (e.g. 
under logs or stones) during the day (Stephenson 1961). Thus, a simple action to avoid 
stressors associated with rapid changes in brightness and/or interruption of the circadian 
cycle would be to trial the use of dark retreat sites or darkened enclosures or terraria.  
The substrate used inside the enclosure may affect the following conditions 
experienced by the translocated frog: temperature variation, water balance, the contrast of 
substrate (i.e. that affects the camouflage ability of the individual) and familiarity of 
microorganisms. Potter and Norman (2006) demonstrated the importance of the substrate 
used in captivity, along with its soil associated micro-flora, in captive L. archeyi at Auckland 
Zoo. Amphibians are ectotherms, therefore, generally, their body temperatures are close to 
that of their immediate surroundings (i.e. substrate and/or air) (Duellman and Trueb 1986). 
Thus, after collection, when the frog is placed into an enclosure (of any type), it is essential to 
reduce temperature variations in the substrate at all times (Parker et al. 2012).  
Water balance in the environment is essential for amphibians as it has effects on their 
basic physiology (Duellman and Trueb 1986). In L. archeyi, the pelvic region of the ventral 
skin plays an important role in water absorption and it has been demonstrated that L. archeyi 
absorbs water through its ventral skin at a faster rate per unit surface area than does the 
average skin surface of immersed frogs (Cree 1985, 1986). Additionally, this species’ skin 
presents little or no barrier to water loss (Cree 1985). This species has demonstrated its 
ability to make use of natural moisture sources (wet vegetation, e.g. kiekie fronds) for 
rehydration (Cree 1989). Therefore, moss might be an appropriate substrate to allow 
hydration via water intake of the ventral pelvic region (Cree 1986, 1989) inside the enclosure.  
Importantly, inside the enclosures, it is essential to realize that humidity is not 
synonymous with water. Cree (1985) reported that hydrated L. archeyi or those rehydrated 
for more than 1 h struggle vigorously when immersed in water and frequently attempt to 
climb out. Also, she reported that one frog became comatose after 2 h of total immersion, 
although it later recovered in air. Furthermore, she concluded that possibly cutaneous 
respiration in this normally terrestrial species is impaired by immersion.  
Another element mentioned in the literature as relevant for improving post-release 
survival of translocated animals is related to the type of release, i.e. soft or hard. There is 
contrasting evidence about the benefits of a soft (delayed) release compared to a hard release, 
specifically for wild caught animals (Parker et al. 2012). For captive-reared animals, as they 
have never been exposed to wild conditions, soft release in the form of enclosures at the 
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release site has been recommended (e.g. Mitchell et al. 2011 for burrowing owls in British 
Columbia, Canada). But for wild-caught animals, a soft release strategy might include being 
placed inside a novel enclosure at the release site, which would add another novelty scenario 
stressor for the translocated individuals (see further discussion in Parker et al. 2012).   
Most of the translocations that have involved Leiopelma species have adopted the 
hard release methodology (see Chapter 1). There is only one recorded attempt of a soft 
release, developed for L. hamiltoni in Zealandia, where frogs were released inside a mouse-
proof enclosure (Lukis 2009). However, due to the presence of other predators, it was not 
feasible to study the potential benefit on survival associated with the soft release strategy.  
Finally, the overall recommendation is to minimise all stressors during the process of 
translocation in order to avoid a chronic stress response. Experimental translocations of 
chukar partridge (bird species, Alectoris chukar) demonstrated that there is an additive 
accumulation effect of acute stress responses during translocations (Dickens et al.  2009) 
which may lead to chronic stress. Weight loss and decreased baseline levels of 
glucocorticoids indicate states of chronic stress (Cyr et al. 2007; Rich and Romero 2005). 
Translocations procedures inevitably induce chronic stress because of multiple, consecutive 
and/or continuous, unpredictable stressors impacting the translocated animals. Translocation 
procedures can continually be improved if they are designed by multidisciplinary teams and 
using a research-based approach (Parker et al. 2012).  
This study provides a reference point for planning future translocations of L. archeyi. 
It also constitutes a baseline for assessing the cultural impact of the procedures (Chapter 6) 
and to link with demographic parameters estimated in the next chapter (Chapter 3) using 
capture-recapture techniques.  





Analysis of the monitoring of the translocated Leiopelma archeyi 
population in Pukeokahu using capture-recapture methods 
	
 
3.1 Introduction  
 
3.1.1. What is the role of monitoring in translocations? 
 
‘Monitoring of biological diversity’ is a broad term applied to many types of activity. 
In this chapter, monitoring will refer to the process of gathering information about a state 
variable (e.g. population size) at different points in time, in order to assess the system studied 
and infer changes of that state variable over time (Yoccoz et al. 2001). In the translocation 
literature, some authors have used the term ‘monitoring’ in a broad sense, to include surveys 
(usually of habitat features) prior to release (e.g. Osborne and Seddon 2012). Others use the 
term to refer to the measurement of a state variable after release (i.e. post-release monitoring) 
(e.g. Bell et al. 2004b). In this study, only post-release monitoring will be discussed, and will 
be referred to as ‘monitoring’. 
Monitoring is an essential part of translocation, as it provides the information needed 
to determine: (i) if the translocation was successful, or (ii) if adaptive management is 
necessary to improve the results of the translocation, or (iii) whether or not an exit strategy 
should be implemented (Seddon 1999, IUCN/SSC 2013).  
 Monitoring is a useful tool for identifying the timing and causes of any failures in a 
translocation, at least in the short term (Seddon et al. 2007, Soorae 2008). According to 
Nichols and Armstrong (2012), three key questions need to be asked about any monitoring: 
(i) Why? (what is the aim of monitoring, e.g. to assess the establishment of the population), 
(ii) What? (which state variables or vital rates should be monitored, e.g. population size), and 
(iii) How? (which sampling design and analyses associated with the monitoring should be 
used, e.g.  capture-recapture analyses). 
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Strictly speaking, the translocated population should be monitored for a sufficient 
amount of time to determine if it is self-sustaining, and this may vary from several years for 
short-lived species to several decades for long-lived species (Dodd and Seigel 1991). In 
practice, monitoring results are often not reported, and this may be detrimental to the 
development of translocations for conservation (see Chapter 1).  
It is important to do carry out monitoring strategically, in a way that will guarantee 
the benefits of monitoring and justify the effort invested (Ewen and Armstrong 2007). In 
addition, it is important to prioritise the animal welfare concerns associated with the 
monitoring design (e.g. minimise disturbance and damage of retreat sites when capture).    
 
3.1.2. Why use capture-recapture techniques? 
 
Capture-recapture studies are widely used to estimate state variables of biological and 
conservation interest, such as abundance and occupancy, together with vital rates that inform 
changes in those state variables, e.g. survival and movement, in animal populations (Lettink 
and Armstong 2003; Bailey and Nichols 2010). Typically, a capture-recapture study will 
consist of repeated visits to an area (i.e. at least two visits). Animals will be searched for (by 
sight or by placing traps), marked (with invasive or non-invasive methods) for identification 
in future visits, and then released, usually in the same place where they were captured (Otis 
1978). The marks used are individual-specific (Lettink and Armstong 2003). Using this 
method, a series of visits to an area will generate a history of capture and recapture events for 
the animals (Bailey and Nichols 2010). The mathematical modelling of these capture-
recapture histories will provide demographic estimates, despite the surveys being imperfect 
that is, not all the animals in the population are captured (counted) in every sampling event 
(Bailey et al. 2004b). 
 There are three main schemes used in designing capture-recapture programs and 
analysing the results. The methods used will ultimately define which type of mathematical 
models are appropriate and which parameters can be estimated (Otis et al. 1978; Pollock 
1982). The three schemes are closed population, open population, and robust design models.    
In closed population models, the size of the population is constant during the 
sampling period, and no recruitment (by birth or immigration) or losses (by death or 
emigration) occur (Otis 1978). Capture-recapture closed population studies are designed to 
estimate absolute abundance even when there is heterogeneity in capture probabilities 
between sampling sessions (Otis 1978; Lettink and Armstong 2003).  
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Open, or non-closed, population capture-recapture studies allow for one or more types 
of recruitment or losses to occur in the population during the study (Otis 1978). Survival and 
capture probability are the parameters estimated (Lettink and Armstong 2003). Several 
variants of the original Jolly-Seber model (Seber 1982) have been developed, and these allow 
to fit individual covariates for the parameters estimated (e.g.  survival can be allowed to 
depend on body weight). Examples include the Cormack-Jolly-Seber (CJS) and Jolly-Seber-
Schwarz-Arnason (JSSA) models (Lettink and Armstong 2003; Schwarz and Arnason 1996; 
Efford 2018).  
The final model utilises the ‘robust’ capture-recapture design for long-term studies 
that accounts for unequal probability of capture, using methodologies from closed and open 
population models (Pollock 1982). Kendall et al. (1997) developed Pollock’s (1982) robust 
design model to estimate demographic parameters in the presence of temporary emigration 
(i.e. animals not recaptured during the study, but not dead). The model estimates probabilities 
of temporary emigration.  
Capture-recapture studies have been widely used worldwide to monitor demographic 
parameters in amphibians. For example, Funk et al. (2003) estimated the abundance of 
Eleutherodactylus species in Ecuador, and Bailey et al. (2004a) estimated survival and 
breeding probability for Ambystoma tigrinum in United States. In New Zealand, Bell et al. 
(2004a) estimated population size and survival in L. archeyi, and Bell and Pledger (2010) 
estimated population size and survival in L. hamiltoni.   
 
3.1.3. Post-release monitoring program for the Pukeokahu population of L. archeyi 
 
As Smale (2006b) stated, the overall objective of the translocation of L. archeyi 
individuals from Whareorino, was to establish a new self-sustaining population in 
Pukeokahu. Accordingly, a self-sustaining population was defined as one in which: (i) 
recruitment was observed, (ii) the first generation of offspring successfully breed, and (iii) the 
second generation offspring survive (Smale 2006b). Smale (2006b), proposed the following 
indicators (or operational targets) to define a self-sustaining population: 
 
• At least 60% of frogs survive the first year in the wild. 
• High (long-term) survival rate of frogs is recorded in the new, wild 
population. 
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• Recruitment is recorded within three years of transfer. 
 
The post-release monitoring design proposed for L. archeyi at Pukeokahu was divided 
into two components; (i) counts of emergent frogs (i.e. frogs above ground level) made at 
regular intervals during the first year post-release; and (ii) a capture-recapture program, 
proposed to start three-to-four months post-release (i.e. March-April 2007) and continued 
annually (Smale 2006b).  
The capture-recapture monitoring plan designed for the translocated frogs at 
Pukeokahu follows the Haigh et al. (2007a) monitoring design developed for the donor 
population of frogs at Whareorino. In this monitoring design, a 10 m x 10 m grid represents 
the sample unit, and this unit (i.e. 100 m2) is searched for four consecutive nights, once a 
year. Individual identification of frogs follows photographic ID as per Bradfield (2004). One 
main difference between the monitoring design used with the frogs at Whareorino and that 
used with the frogs at Pukeokahu, is that in the latter there are no replicates of the sample unit 
(i.e. only one grid is monitored). 
 
3.1.4. Aim of this study 
 
Before 2015, the results of the 2006 translocation were uncertain, as no capture-
recapture analysis of the monitoring data had been performed. The Department of 
Conservation (DOC) summarised the counts of frogs in several reports (Mckenzie 2012; 
Bridgman 2014; Quinnell 2015). However, these reports used descriptive statistics, which in 
the absence of probabilistic analyses lead to an inability to differentiate between real trends 
of demographic parameters and erroneous results. There are two main sources of error in 
capture-recapture monitoring studies. There is an error associated with the detection of frogs 
(e.g. due to unfavourable weather conditions) (see Schmidt and Pellet 2010). Moreover, there 
is an error associated with the misrepresentation of the sampling area (e.g. spatial variation) 
(see Corn 2010).  
The aim of this study was to evaluate the translocation of frogs to Pukeokahu by 
analysing the monitoring data collected between 2007 and 2017 with capture-recapture 
methods. This would indicate whether or not the translocation objectives have been met 
(Smale 2006b). Nevertheless, it was required first to change the monitoring design in order to 
improve the low capture rates obtained between 2007 and 2014. A model of the counts of 
frogs per monitoring session predicted by weather conditions and search effort was 
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performed to compare monitoring strategies tested between 2015 and 2017 (see Pledger 
2011).  
 
3.2.  Methods 
 
3.2.1. Data collection 
 
The database analysed in this study was supplied by DOC (Waikato Conservancy) 
from monitoring data collected in Pukeokahu from December 2006 to December 2017 (N=71 
nights of frog searching, Table 3.1). Monitoring data from 2007 to 2014 were collected by 
DOC personnel and volunteers (usually two to four people searching per night). Data used 
from 2015 and 2016 were collected by the author in collaboration with DOC and the local iwi 
(tribe). The author organised the monitoring programs of 2015 and 2016 together with DOC, 
using a citizen science model (after Booney et al. 2009) in which stakeholders, practitioners 
and volunteers from the general public were involved in the monitoring work. There were 11 
to 15 people searching per night during 2015, and 13 to 14 people searching per night during 
2016 (Figure 3.1). To reduce any bias in capture probability caused by the experience level of 
the volunteers during monitoring, each person involved in 2015 and 2016 attended a training 
session. This consisted of visual identification exercises, using photographs of camouflaged 
native frogs on natural substrates, simulating looking for frogs in the wild. Additionally, 
during the monitoring, alternate monitoring lanes were assigned to individuals with previous 
experience searching for frogs and individuals without previous experience searching for 
frogs. More details of the 2015 and 2016 monitoring sessions can be found in Cisternas et al. 
(2017), Quinnell (2016, 2017) and Appendix C. Since 2017, data has been collected by DOC 
and iwi (see Chapter 6). 
The monitoring design required participants to search for frogs, at night, inside a 10 m 
x 10 m grid (hereafter, ‘2006 grid’), plus other surrounding areas (after Smale 2006b; Haigh 
et al. 2007a) (Figure 3.2). From December 2006 to March 2014, frog searching was carried 
out, mainly in an area c. 400 m2 (hereafter, referred to as ‘pre-2014 search area’). The pre-
2014 search area included the 2006 release grid plus several 2 m perimeter strips (Figure 
3.2A). After December 2014, monitoring procedures changed in order to explore new areas 
during monitoring. Nevertheless, to maintain consistency in the monitoring method, the 
original release grid (yellow square in Figure 3.2) was always searched with the same effort, 
that is, with one person searching for emerged frogs (i.e. frogs on the soil surface, outside  
Chapter 3: Post-release monitoring 
	
	 45	
Table 3.1. Monitoring database provided by DOC Waikato Conservancy used in capture-
recapture analyses (see section 3.2.2.1 for definitions of session and occasion). In bold 
author’s participation on monitoring.  
Session Date (occasion) N. of captures  Session Date (occasion) N. of captures 
1 
16/04/07 6  
9 
7/02/12 1 
17/04/07 1  14/02/12 8 
18/04/07 1  
10 
16/04/12 1 
30/04/07 5  17/04/12 3 
2 
08/01/08 9  18/04/12 0 
09/01/08 5  19/04/12 4 
3 
31/03/08 7  
11 
5/11/12 3 
01/04/08 5  12/11/12 3 
02/04/08 4  3/12/12 2 
03/04/08 2  4/12/12 6 
 28/01/09 1  14/01/13 22 
4 
17/03/09 12  4/02/13 14 
18/03/09 13  
12 
15/10/13 3 
19/03/09 8  26/01/14 13 
5 
25/01/10 11  8/02/14 23 
26/01/10 6  13 12/03/14 5 
27/01/10 3  
14 
15/12/14 11 
28/01/10 7  16/12/14 5 
6 
06/04/10 6  17/12/14 15 
07/04/10 7  18/12/14 31 




01/12/10 2  24/11/15 7 
14/12/10 6  25/11/15 4 
21/12/10 4  26/11/15 22 
18/01/11 8  
16 
28/11/16 5 
20/01/11 4  29/11/16 32 
8 
11/04/11 15  30/01/16 17 
12/04/11 11  1/12/16 28 
13/04/11 7  
17 
27/03/17 23 
14/04/11 4  28/03/17 31 
9 
19/12/11 3  29/03/17 26 
27/01/12 4  30/03/17 23 




Figure 3.1. Institutions and number of participants involved in the 2015 (N = 34 participants) 
and 2016 (N = 21 participants) monitoring sessions carried out in Pukeokahu. 
 
retreat sites) at night, with a torch, walking along demarcated lanes, 2 m wide. No replicates of 
the sampling unit were considered. The location of the sampling unit was arbitrary and 
corresponded to the 2006 release grid. 
Search sessions included in the database varied in frequency. Initially, monitoring 
sessions were bi-annual (April 2007-April 2010, N = 21 nights). This was followed by a 
combination of a fixed monitoring session plus other ‘opportunistic’ sessions (December 
2010-April 2012, N = 17 nights), then ‘opportunistic’ sessions only (November 2012-March 
2014, N = 10 nights), and finally annual sessions (December 2014-March 2017, N = 16) 
(Table 3.1).  
Haigh et al. (2007a) recommended a minimum of four consecutive nights of 
monitoring in order to account for variation in capture probability. Otherwise, frogs should be 
searched for over as many nights as are required to capture a minimum of 40 frogs, of which 
25 should be frogs captured for the first time (i.e. not captured before in previous monitoring 
sessions) and 15 should be frogs recaptured within that session (Haigh et al. 2007a). Smale 
(2006b) planned to carry out two monitoring sessions per year, one in spring (November or 





























Figure 3.2. Monitoring search areas for frogs at Pukeokahu. Additional area (grey) searched 
together with the 2006 release grid area (red, 100 m2) at different years: A) c. 300 m2; B) c. 
600 m2. Dash lines represent unknown limits of the search area. C) 2400 m2. C1: search area 
used on Tuesday, November 24th and Thursday, November 26th. C2: search area used on 
Monday 23rd and Wednesday 25th. D) c. 1500 m2. E) 180 m2.  
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3.2.2. Capture-recapture analyses 
 
Capture-recapture modelling methods were used to analyse the monitoring data 
collected between April 2007 and March 2017 in Pukeokahu (N = 64 nights), that is the 
monitoring data for which the individual identification of frogs was available. Monitoring 
was proposed to be analysed following the methods used to analysed the monitoring in 
Whareorino (e.g. Pledger 2011), to obtain estimates and trends for the state variable 
‘population size’, and the vital rates of ‘survival’, ‘recruitment’ and ‘temporary emigration’ 
(Smale 2006b). Data were collected using the ‘robust’ design (Pollock 1982). In this scheme, 
the primary sampling occasions, called sessions, are spaced to satisfy the assumption of 
sampling an open population, i.e. birth, death, immigration and/or emigration might occur in 
the population between samples. Furthermore, in this design there are secondary sampling 
occasions, in this case nights, that satisfy a closed population assumption – there is no birth, 
death, immigration, or emigration during the sampling period).  
Between 2010 and 2014, the monitoring design changed from regular sampling to a 
combination of regular and opportunistic sampling (Table 3.1). This change resulted in only 
48 nights that could be considered to fulfil the assumption of a closed population within each 
secondary sampling. Thus, the database was reduced to 12 sessions, each of four nights. 
Secondary sampling occasions corresponded either to a series of consecutive nights of frog 
searching (e.g. four consecutive nights) or to nights that were ‘close enough’ to represent a 
closed population.  
Unfortunately, given the low capture rate, none of the 12 sessions considered 
achieved the minimum number of total captures (40), the minimum number of first captures 
(15), or the minimum number of recaptures (25) that are recommended for capture-recapture 
analyses in this species using Pollock’s ‘robust’ monitoring design (Pollock 1982) (Haigh et 
al. 2007a; Pledger 2011) (Figure 3.3).  
 
3.2.2.1. Open population models 
 
Capture-recapture open population models were used to estimate survival (using CJS 
models), recruitment, and population size (using Schwarz and Arnason [1996] JSSA models). 
Open population models can be used when birth, death, immigration, and emigration occur 
during the sampling period, and when the following assumptions are fulfilled (Pollock et al. 
1990): 
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1. Every animal present in the population at the time of the ith sample (i = 1, 2, . . ., k) 
has the same probability of capture (p).  
2. Every marked animal present in the population immediately after the ith sample has 
the same probability of survival (φi) until the (i + 1)th sampling time (i = 1, 2, . . ., k - 1).  
3. Marks on frogs are not lost or overlooked.  




Figure 3.3. Frogs captured during 12 monitoring sessions, each of four consecutive nights, 
carried out in Pukeokahu between April 2007 and March 2017. 
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The database used for this analysis is derived from 17 primary sampling occasions 
(hereafter called ‘sessions’), each of which vary from 1 to 6 secondary sampling occasions 
(hereafter called ‘occasions’). The criteria used to define a session was to include nights 
within the parental care period and outside the parental care period (i.e.: fulfil assumptions 1 
and 2 as above) (Table 3.1). Whether or not Assumption 3 was fulfilled remains uncertain, 
because there are observations reported in DOC database that mentioned a slight pattern of 
change in the frog’s markings. However, for this study, assumption 3 will be considered to be 
fulfilled. Assumption 4 is fulfilled in the DOC monitoring procedures, i.e. frogs are captured 
in order to be photographed for individual identification and released at the place of capture.    
CJS and JSSA models were performed in R (R Development Core Team 2014), using 
the package openCR version 1.2.0 (Efford 2018) in order to estimate the following 
parameters: 
   
• φj = apparent survival 
• pj = capture probability (recapture probability for CJS) 
• ƒ = per capita recruitment rate  
• Nj = time-specific population size 
 
Apparent survival and per capita recruitment are scaled from session j to session j+1 
(j = 1, 2, …, K-1). 
Seasonality (whether or not monitoring was carried out during the parental care 
season) was used as a covariate for ‘primary session’ in order to account for the individuals 
undetected because of parental care duties (see Chapter 4).  
Relative humidity, measured as the average between the beginning and the end of 
each secondary session, was used as a covariate for detection parameters in secondary 
sessions (as recommended in Pledger 2011).  
Simplifications of the global model were compared, and the best model was selected 
using Akaike’s Information Criterion (AIC). Assumptions of CJS models were tested with 
function ucare.cjs (from R package R2ucare, Gimenez et al. 2018). Redundancy of 
parameters was explored using the Hessian method (Gimenez et al. 2004). Thus, if the rank 
Hessian matrix was less than the number of parameters estimated by the model, the non-
identifiable parameter would be the parameter that has an eigenvalue value of zero or close to 
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zero (small positive numbers might be considered zero in this case). The full code is given in 
Appendix D.  
 
3.2.3. Redefining the sampling area to increase the number of captures 
 
Because of the low rate of captures obtained during monitoring and the unsuitability 
of the data to run capture-recapture analyses (see 3.2.2), a new sampling area was defined by 
the author for the monitoring sessions of March and December 2017. This change was based 
on three elements: (i) the location of frogs captured in previous monitoring sessions, (ii) the 
maximum area that was feasible to monitor by DOC personnel and 4-6 volunteers, and (iii) 
the avoidance of using a large monitoring group, in order to minimise the risk of trampling 
frogs. This last issue was raised by the iwi after the monitoring sessions of 2015 and 2016 
(attended by 34 and 21 participants respectively) (see Chapter 6).     
This analysis did not require the use of information about the individual identification 
of frogs, therefore 71 nights of monitoring were considered: 64 nights as described in Section 
3.2.1, four nights corresponding to December 2017 capture-recapture monitoring session 
where the individual identification of frogs has not yet been determined, and three nights of 
count-monitoring sessions (as described in Smale 2006b) conducted between December 2006 
and January 2007. ‘Counts of frogs’ was modelled by a Poisson regression (Generalised 
Linear Model, link function = log), with temperature, humidity and management-type used as 
predictors. The weather variables in this regression are associated with the probability of 
finding frogs. Management-type (MT) is associated with the search protocol used during 
monitoring and was included in the model as a categorical variable as follows: 
 
• MT-I: monitoring protocol pre-2014 search area (Figure 3.2A) (N=51 nights 
between December 2006 and March 2014).  
• MT-II: MT-I + search in a random area located 17 m away from the 2006 grid 
(Figure 3.2B) (N=4 nights during December 2014).  
• MT-III: 50 m x 50 m area around the centre of the 2006 release grid (Figure 
3.2C) (N=4 nights during 2015). 
• MT-IV: all the area protected with the herbivore-resistant fence (see Chapter 
2, Figure 3.2D) (N=4 nights during 2016). 
• MT-V: 20 m x 14 m area (Figure 3.2E) (N=8 nights during 2017). 
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To improve interpretation of the regression coefficients, continuous predictors 
(humidity and temperature) were centred and standardized. All statistical analyses were 
performed in the software R (R Development Core Team 2014).  
 
3.3.  Results 
 
Thirty-six trips and 71 search-nights were carried out between December 2006 and 
December 2017 in Pukeokahu, consisting of three count-monitoring sessions and 68 capture-
recapture monitoring sessions. From December 2006 to December 2017 there were 689 frog-
captures, and 151 individual frogs were identified, 19 of the 151 belonged to the original 
cohort released in 2006, and 23 belonged to the cohort of frogs released in 2016.  
For seven nights of monitoring: December 14th and 19th 2006, and January 9th 2007 
(i.e. only count-monitoring sessions); and, December 4th-7th, 2017 (i.e. photographs not yet 
reviewed by DOC) individual frogs were not identified. 
The author organised and participated in two trips of eight search nights of monitoring 
work (November 2015 and November-December 2016). 
 
3.3.1. Capture-recapture analyses 
 
Estimates of survival and capture probability were calculated from the best CJS fitted 
model, selected first by AIC ranking, and secondly by exploration of parameters redundancy 
(Gimenez et al. 2004) (Table 3.2). The model selected has constant probability of survival but 
capture probability is affected by time (i.e. varies between primary sessions). The estimate of 
constant survival probability for this model was 0.7131 (se = 0.03039; 95%CI = 0.65-
0.7688). The goodness-of-fit test was not significant (χ2 = 41.21, df = 53, p = 0.88), thus the 
data was assumed to fit the CJS model (after Gimenez et al. 2018). The full R-code and 
results are available in Appendix D.   
Estimates of recruitment per capita and abundance were calculated from the best 
JSSA fitted model. The model selected for recruitment parameterisation assumes that both 
probability of survival and recruitment per capita are constant, but that capture probability is 
affected by time (i.e. varies between primary sessions) (Appendix D). This model was 
selected because the model with lowest AIC value was presumed to present unidentifiable 
parameters. The estimate of constant recruitment per capita for this model was 0.3851 (se = 
0.02637; 95%CI = 0.3367-0.4404). The model selected for abundance parameterization  
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Table 3.2: Ranking of CJS models according to their values of AIC. Models marked A or B 
failed to reach numerical convergence (i.e. A: if nonlinear minimisation iteration limit 
exceeded, B: if a nonlinear minimisation iteration limit exceeded, plus fail in variance 
calculation for some coefficients of the parameter-specific linear combinations, called beta 
parameters). N. param. = number of parameters estimated in the model. logLik = log 
likelihood. AICc = AIC corrected for small sample size. dAIC = difference between the AIC 
value of a model and the model with lowest AIC value.   
 Model N. param. Rank logLik AIC AICc dAIC 
 p~t, phi~1 17 17 -855.8 1746 1748 0 
A p~t+svl, phi~svl 19 18 -855 1748 1751 2.348 
A p~t, phi~svl 18 17 -856 1748 1751 2.446 
A p~t+svl, phi~1 18 17 -856 1748 1751 2.475 
B p~t, phi~t 32 31 -844.1 1752 1762 6.658 
B p~t+svl, phi~t 33 21 -843.2 1752 1763 6.753 
B p~t+svl, phi~t+svl 34 22 -842.6 1753 1765 7.555 
B p~t, phi~t+svl 33 25 -846.5 1759 1770 13.508 
A p~t*svl, phi~svl 34 24 -849.4 1767 1778 21.196 
A p~t*svl, phi~1 33 25 -852.9 1772 1783 26.326 
 p~svl, phi~1 3 3 -885.1 1776 1776 30.688 
B p~t*svl, phi~t+svl 49 28 -839.3 1777 1802 31.067 
 p~svl, phi~svl 4 4 -884.7 1777 1778 31.908 
A p~svl, phi~t 18 9 -871.1 1778 1781 32.694 
A p~svl, phi~t+svl 19 9 -871 1780 1783 34.4 
B p~t*svl, phi~t 48 28 -844.1 1784 1808 38.615 
 p~1, phi~1 2 2 -891.2 1786 1786 40.895 
 p~1, phi~svl 3 3 -891.2 1788 1788 42.801 
A p~1, phi~t  17 15 -879.2 1792 1795 46.824 
B p~t, phi~t*svl 48 27 -848.5 1793 1817 47.523 
B p~1, phi~t+svl 18 12 -879.5 1795 1798 49.401 
B p~t+svl, phi~t*svl 49 25 -853 1804 1829 58.429 
B p~t*svl, phi~t*svl 64 36 -838.6 1805 1852 59.68 
B p~svl, phi~t*svl 34 13 -871.7 1811 1823 65.788 
B p~1, phi~t*svl 33 17 -877.5 1821 1832 75.353 
 
considers both probability of survival and capture probability are constant, but that 
abundance varies between primary sessions (Table 3.2). Again, this model was selected over 
the model with lowest AIC value because it failed to reach numerical convergence (Table 
3.2; Appendix D). Abundance estimates are shown in Figure 3.4. 




Figure 3.4. Estimates of frog abundance in Pukeokahu based on 17 monitoring sessions 
between April 2007 and March 2017. N = abundance of frogs. Session = year of monitoring 
session.  
 
3.3.2. Counts of frogs during monitoring  
  
Six hundred and seventy-eight counts of frogs during 71 nights of monitoring were 
included in this study (Figure 3.5 and 3.6). No frogs were observed during three monitoring 
nights, January 10th 2008, January 27th 2009 and April 18th 2012 (Figure 3.5). The maximum 
number of fogs counted in one night of monitoring was 32, on November 29th 2016. The 
average number of frogs counted per night was 9.5 (SD=8.587). Count of frogs varied 
between 4-13 for 50% of the nights analysed (Figure 3.6). 
 
3.3.2.1.Logistic modelling of counts of frogs  
 
No interactions between predictor variables (i.e. second order terms) were included in 
the global model after visual inspection of exploratory plots (Figure 3.7-3.9). 
 




Figure 3.5. Number of frogs counted per night of monitoring in Pukeokahu between 
December 2006 and December 2017.  
 



































































Figure 3.7. Scatterplot of log (counts of frogs + 0.1) (y axis) and average humidity (x axis).  
 
 
Figure 3.8. Scatterplot of log (counts of frogs + 0.1) (y axis) and average temperature (x 
axis). 
































































Figure 3.9. Boxplot of log (counts of frogs + 0.1) and management-type (I = prior to 2014 
search area. II = Management-type one + random area located 17 m away from the 2006 grid, 
outside the 2006 fence. III = search for frogs in a 50m x 50m area that encompasses the 
100m2 where the frogs were released in 2006. IV = search for frogs inside the 2016 fence. V 
= search for frogs inside the new area 20 m (from lane AB to lane ST) x 14 m (from 14m to 
28m).  
 
During the 71 nights of monitoring analysed, air temperature average 12.67 °C (SD = 
3.29 °C, range: 5.4-19.4 °C) and relative humidity average 92.71% (SD = 7.178%, range: 
66.2-100%). 
Most of the monitoring nights were searched using management type I (MT-I, N = 52 
nights) that corresponds to the monitoring protocol prior to 2014. The last eight nights of 
monitoring have been carried out using the management type V (MT-V) that corresponds to 
the new 2017 search protocol. Management types II, III and IV, all have four nights of 
monitoring.  
As shown in Figure 3.9, the highest number of frogs counted during monitoring 
followed management type IV (MT-IV, protocol applied during 2016), and then management 
type V (MT-V, protocol applied during 2017). Both, MT-IV and MT-V, were carried out 
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after the release of 60 more frogs at the monitoring site on October 2016. Before the release 
of new frogs, i.e. only considering the original 2006 cohort of frogs and its recruits, the 
highest number of frogs counted per monitoring night was during management type II (MT-
II, strategy applied on December 2014). The least number of frogs (no frogs) occurred during 
three monitoring nights using management type I (MT-I, protocol pre-2014). 
The first logistic model fitted for counts of frogs predicted by temperature, humidity 
and type management using a Poisson family, estimated as mean value of counts 9.6 
frogs/night, with variance of 73.7 frogs. Therefore, over-dispersion was presumed, and the 
global model tested was fitted again, but using a quasi-Poisson family instead.  
The mathematical equation that represents the model analysed is: 
 
 𝜆(Frog countsi) = exp (0.4Humidity + 0.26Temperature + 3.06MT five + 3.24MT four + 2.72MT three + 
1.87MT two + 1.66MT one) 
 
The over-dispersion parameter estimated for the model fitted with the quasi-Poisson 
family was 3.3. This means that the difference between what the model is predicting and 
what is actually observed (i.e. residuals) has 3.3 times more variance than expected. Each 
parameter estimated with its standard error is shown in Table 3.3.  
The modelling results indicate that changing the search area towards the NE and NW zone of 
the 2006 release grid would increase the number of frogs captured (Figure 3.2D-E). This was 
observed in the positive value of the coefficient of the parameters estimated for management 
type IV and V (corresponding to the strategy used in 2016 and 2017) (Table 3.3). Differences 
in counts are attributed to temperature and management type (Table 3.4). 
The model predicts that using the 2017 monitoring protocol (Management type V) 
during a night with a humidity of c. 93% and a temperature of c. 13˚C, it is expected that 21 
frogs would be captured (Figure 3.10). The fit of the model to the data was considered 
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Table 3.3. R output from model estimation of parameters with its standard errors using 
‘display’ function. MT = management type. Humidity and temperature values are centred in a 
z-distribution values.  
Variable Parameter estimated Standard error 
Relative humidity 0.4 0.11 
Air temperature 0.26 0.09 
MT-I -1.4 0.22 
MT-II -0.19 0.3 
MT-III -0.34 0.36 
MT-IV 0.18 0.3 
MT-V (Intercept) 3.06 0.18 
 
Table 3.4. Anova table for model parameters. MT = management type. Significance set at 






Dev F Pr(>F)  
Null   70 493.85    
Centred humidity 1 3.685 69 490.17 1.1281 0.2921672  
Centred temperature 1 55.273 68 434.89 16.9223 0.0001133  
Management type 
(categorical, k=5) 
4 236.598 64 198.29 18.1092 5.432e-10  
 
3.4. Discussion  
 
3.4.1. Assessment of the translocation objectives: Can the frogs translocated to Pukeokahu 
be considered an established population? 
 
According to the operational targets defined in Smale (2006b) and the monitoring 
methodology proposed by Haigh et al. (2007a), the translocation of frogs to Pukeokahu 
achieved one of the three targets proposed (see section 3.1.2). The first target (for 60% of the 
frogs, i.e. 42 frogs, to survive until the end of the first year) was not achieved according to 
the analyses carried out in this study. However, the upper limit of the 95% confidence 
interval of the estimate N2 [population size at session 2, carried out between October 




Figure 3.10. Estimated number of frogs counted during monitoring nights (lambda), based on 
the monitoring data.  
 
2007 and February 2008] barely exceeds this value (see Appendix D). Nevertheless, the 
monitoring design was not intended to answer this question, as it conforms to a ‘robust’ 
design for capture-recapture analyses instead, and so the monitoring was not suitable to study 
post-release dispersal or movement. For future translocations, if there is a concern about the 
fate of the original cohort, and there are no methods for individual identification, an option 
would be to mark the cohort released with a batch mark (see Bailey and Nichols 2010). 
Additionally, it would be necessary to search in an area big enough to included dispersed 
individuals.  
The second operational target was to ensure that the released frogs had a high rate of 
long-term survival. However, ‘high’ and ‘long-term’ are subjective, and are not appropriate 
for use in a translocation objective (IUCN/SSC 2013). To establish whether or not this 
operational target has been met, the demographic parameters measured in the donor 
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with the translocated population. These comparisons are qualitative, as the estimates were 
produced with different methods: population size at Whareorino was estimated using 
Pollock’s robust design, while at Pukeokahu it was estimated using open population models.  
The different methods may give different numbers, but they should not give different overall 
trends.  
It was found that the population of frogs translocated to Pukeokahu has a high overall 
survival estimate (0.7131) compared to any of the four grids measured in Whareorino (A: 
0.571; B: 0.648; C: 0.571 and D: 0.603; estimates from Bridgman 2015). Bell et al. (2010) 
suggested that to address the question of long-term sustainability in Leiopelma hamiltoni the 
translocated population must be monitored for a period c. 20 years. Leiopelma archeyi is a 
long-lived species too, with a longevity estimated for females between 25-35 years (B. Bell 
pers. comm. October 6th 2017). In order to monitor one generation, it would be necessary to 
monitor for half the time of the species’ longevity (as inferred in Bell et al. 2010), it would be 
necessary to accumulate data until 2023. Therefore, the second operational target is still 
inconclusive. 
The third operational target, to achieve recruitment within three years of transfer, was 
met earlier than expected, as recruitment was recorded 15 months after release, on March 
31st 2008, inside the 2006 grid. The juvenile measured 11.2 mm SVL (snout-to-vent length) 
and weighted 0.16 g. This is similar to the report of new frogs seen eight months after the 
translocation of L. hamiltoni to Motuara Island (Pledger 1999).  It is much earlier than the 
first recruit reported in the successful translocation of L. hamiltoni to Boat Bay, where first 
recruits were only reported six years after first release (Bell et al. 2004b; Bell et al. 2010).  
In summary, the operational targets assessed were only partially achieved; as yet there 
is not enough evidence to confirm the establishment of a new population of L. archeyi at 
Pukeokahu and the success of the translocation. Once again, it is imperative to give a 
framework to terms such as ‘establishment’ and ‘success’ to avoid misleading management 
of the frogs based on this information. One option is to use the criteria for success defined by 
Miller et al. (2014), which is based on (i) the life history of the species released, and (ii) the 
time since release. Accordingly, the translocated population of frogs in Pukeokahu partially 
meet short and medium-term outcomes, i.e. frogs translocated have increased in body mass 
(Cisternas unpublished, Appendix F), and new frogs have been recruit in the translocation 
site.    
Nevertheless, it is expected that for future analyses there will be enough captures-
recaptures of frogs to run robust design models, due to the changes implemented in the 
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monitoring procedures. Robust design models would allow to estimate a parameter for 
temporal emigration, thus improve the accuracy of other estimates, like survival, due to the 
differentiation between dead frogs or temporally unavailable frogs (e.g. Pledger 2011).     
This study shows that the population size has remained low and stable since 
monitoring started in April 2007 (Figure 3.4). It is uncertain whether a high proportion of the 
2006 original cohort of frogs died, or whether they emigrated permanently to outside the 
search area. Nevertheless, the frogs that remain in the translocated population at Pukeokahu 
have higher levels of annual survival than the levels calculated for the frogs in the donor 
population (Whareorino). No demographic information regarding the frogs translocated in 
2016 is available yet as this analysis included only two monitoring sessions carried out after 
2016 release of frogs in Pukeokahu.  
 
3.4.2. Recommendations for the monitoring design: what do we need to do to find out what 
we want to know? 
 
Capture-recapture methods are widely used in ecology to estimate demographic 
parameters when detection of all individuals is unlikely (Lebreton et al. 1992; Royle 2009; 
Gimenez et al. 2018). Capture-recapture studies can be divided into three types depending on 
which parameters are to be estimated. Closed population models are useful for estimating 
abundance (e.g. Otis et al. 1978), open population models are used to estimate survival (e.g. 
Cormack 1964), and Pollock’s robust design allows the inclusion of a parameter to estimate 
temporary emigration of individuals (e.g. Kendall et al. 1997).  
Haigh et al. (2007a) recommended the use of the robust design to monitor L. archeyi 
populations; this is similar to the method used to monitor L. hamiltoni on Maud Island 
(Pledger and Bell 2008). The results of the analyses performed in this Chapter, recommended 
the use of the monitoring procedures applied in 2017 (management type V) i.e. the robust 
design in the monitoring of frogs at Pukeokahu. This involves a team of 4-6 people searching 
for frogs at night in an area 280 m2 (see Figure 3.2E), and this procedure should obtain 
enough data to run capture-recapture models. Power analysis of the monitoring data from the 
frogs in the donor population (Whareorino) showed that sampling a grid of 10 m x 10 m will 
give sufficient statistical power to predict changes in the population size, assuming that 100 
frogs were present inside the sampling unit (the 10 m x 10 m grid) (Haigh et al. 2007a). In 
Pukeokahu, it is assumed that in an area of 280 m2, located in a spot of high frog presence 
(see Figure B2 in Appendix B), at least 100 frogs would be available for sampling, and this 
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would be an appropriately sized sampling unit to monitor over time. For future translocations 
of Leiopelma species, the area used to monitor frogs with a robust design should have a 
density of c. 100 frogs/translocation monitoring area (as recommended by Haigh et al. 
2007a).   
Capture-recapture studies are based on counts, and so the issues of ‘spatial variation’ 
and ‘detectability’ need to be acknowledged when extrapolating the monitoring data to the 
whole population.  Spatial variation was not incorporated in the monitoring design, and rather 
a fixed search area was established before release, under the assumption that Leiopelma 
species have small home ranges of only a few square metres.  A home range of 4.35 m2 was 
estimated for L. archeyi at Whareorino (Ramirez 2017); home range for other species and 
populations was presumably quite small as it was referred to as “discrete” for L. hamiltoni 
transferred to Boat Bay on Maud Island (Bell 1994), and again as “discrete” for L. archeyi in 
Coromandel and L. hamiltoni in the remnant patch of native forest on Maud Island (Bell 
1997). Home range was also measured by Webster (2004) for L. hamiltoni on Maud Island, 
and she reported an average home range size of 11.2 m2 (SD = 11.2 m2, range: 0.5-25). Thus 
frogs were assumed not to disperse far from the release point (Smale and Wallace 2006). The 
monitoring program for frogs in Pukeokahu was not designed to estimate movements of 
frogs, and so it is not possible to draw inferences about home range from the data. However, 
it is clear that after they were released, frogs either dispersed from the 2006 release grid or 
died, as most of them were never recaptured, even when extended searches were conducted 
(in 2015 and 2016). Furthermore, there are no replicates of the sample unit (i.e. grid) used in 
the monitoring carried out at Pukeokahu, and so the estimates are only informative for the 
sampled area.  
If monitoring is carried out during the parental care period and outside the parental 
care period of this species (see Chapter 4), there is an effect on the individual’s probability of 
detection. Frogs that are providing parental care would not be detected during monitoring, as 
they are not emergent at night. In this study a covariate was added to account for this issue. 
However, it is imperative to standardise the method for this locality to improve the quality 
(accuracy) of the analyses. An alternative approach would be to analyse this database with a 
multi-state Arnason-Schwarz model, which would include different probabilities of survival 
and detection for frogs in different reproductive ‘states’. For example, a frog of this species 
providing parental care may have different probabilities of survival than a frog foraging for 
food outside its retreat site at night (Lebreton et al. 2009).  
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The monitoring program proposed by Smale (2006b) recommended two monitoring 
sessions per year, one during the parental care period and one outside the parental care 
period. This scheme was adopted from April 2007 until December 2014, when the program 
was changed to one monitoring session per year during the parental care period (except for an 
exceptional session carried out in March 2017). There are two reasons why it would be 
preferable to monitor outside the parental care period (e.g. March or April, see Figure 1.2 in 
Chapter 1). Firstly, individuals of all life stages are detectable during the non-parental care 
period. Secondly, this would reduce the risk of an observer standing on an oviposition site or 
disturbing the breeding behaviour of this species, which would be detrimental to the 
conservation aim of establishing a new population. If frogs are monitored during the non 
parental-care period, capture probabilities would increase, and so the analytical power of 
capture-recapture analyses would improve (Pledger 2011). Furthermore, it will improve the 
probability of obtaining a constant detectability, and this is the only way to separate changes 
in the detection probability from changes in the population size (Pollock et al. 2002). 
Detectability and spatial variation introduce uncertainty to the estimates of interest in 
any monitoring design (MacKenzie et al. 2002; Nichols and Armstrong 2012). To monitor 
the frogs at Pukeokahu, an alternative approach could be to modify the monitoring 
procedures in order to estimate density instead of abundance (Efford 2018). But even then, 
the sampling unit should be selected considering spatial variation. An option could be that 
rather than searching on a fixed grid, search in randomly selected, smaller areas, using the 
same search effort (in order not to increase economical costs).  
The assessment of this translocated population by monitoring is key for the success of 
this particular translocation, and should also help similar endeavours in the future (Nichols 
and Armstrong 2012). The information collected from the frogs for which sex was 
determined before their release in 2016 (see Chapter 2) should be especially useful, as there 
is no other study on L. archeyi that estimates demographic parameters with known sex. In 
previous studies, size has been used as a proxy for sex (e.g. Bell et al. 2004b, 2010), but this 
is not an ideal method given the size overlap between sexes usually observed in these species 
(Germano et al. 2011; see Figure 2.4 in Chapter 2).  
It is important to note that even when a decrease in the rate of frogs captured during 
monitoring is detected, it is essential to maintain consistency in the monitoring design. 
Imperfect detection of frogs is commonly observed when monitoring terrestrial Leiopelma 
species (Bell et al. 2004b; Pledger 2011). Because of this, increasing sample effort or 
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changing the monitoring strategy is recommended, in order to reduce the uncertainty in 
estimates of abundance (Schimidt and Pellet 2010). 
In conclusion, if management decisions are to be based on demographic parameters 
estimated from capture-recapture studies, it is essential to increase precision in the estimates 
of those parameters by minimising their source of variation (Seavy and Reynolds 2007). For 
amphibians, Bailey et al. (2004b) compared different methods used to estimate the population 
size of plethodontid salamanders in a national park in United States. The authors concluded 
that the robust design (Pollock 1982) was the best method to monitor these amphibian 
species, as it allows heterogeneity of capture probabilities to be incorporated in the analysis, 
along with estimates of temporary emigration probabilities. Likewise, the robust design was 
the method recommended for monitoring populations of Leiopelma archeyi and L. hamiltoni 
(Haigh et al. 2007a; Pledger 2011; Bell and Pledger 2010). Temporal emigration is an 
important parameter to consider when monitoring amphibian species with terrestrial habits. 
These include Plethodontidae species, that prefer sites with a dense canopy, high moisture 
and low solar exposure (Peterman and Semlitsch 2013), and terrestrial Leiopelma species, 
that are associated with sites with high moisture (Bell 1978a). If it is desired to increase the 
probability of frog capture, the recommended option would be to increase the number of 
secondary sampling occasions. However, if this is prevented by budget limitations, it would 
be preferable to increase the interval between monitoring sessions (e.g. Quick et al. 2015) 
rather than continuing with the same monitoring design and providing weak estimates of 
parameters. 
The analysis performed in this study offered demographic information for post-
metamorphic frogs at Pukeokahu. These results showed a small population with low 
estimates of recruitment. In the next chapter a study of the natural history of oviposition sites 
in dead tree-fern trunks was carried out to investigate management actions that may improve 
the breeding success of frogs at the translocation site.  





Use of dead tree-fern (ponga) trunks as oviposition sites by 




4.1. Introduction  
 
Amphibians present a wide variety of reproductive modes, including aquatic, partially 
aquatic, and terrestrial reproduction (Duellman and Trueb 1986; Wells 2007). Several authors 
have classified amphibian reproductive modes by the combination of the site of egg 
deposition, type of egg and patterns of egg and larval development (e.g. Duellman and Trueb 
1986; Haddad and Prado 2005; Wells 2007; Crump 2015). There is no widely accepted 
general explanation for the evolution of non-aquatic reproduction (Wells 2007). Similar 
behaviours have evolved in diverse taxonomic groups and geographical areas, thus it is 
unlikely that a single process drives all these evolutionary events (Crump 2010; Touchon and 
Worley 2015). One hypothesis is that avoiding an aquatic stage of eggs and early larvae 
bestows protection from aquatic predators (Touchon and Worley 2015, Zamudio et al. 2016), 
especially if eggs having direct development is coupled with parental care (Wells 2007).  
Water loss is an important constraint on the successful development of terrestrial eggs, and so 
adaptations for terrestrial oviposition include the use of wet substrates, and parental 
attendance (Wells 2007). However, the correlation of parental attendance and terrestrial 
reproduction vary between different taxonomic groups (Zamudio et al. 2016).  
In anurans, the oviposition site generally represents the location where fertilisation 
and egg laying occur during amplexus (Duellman and Trueb 1986). There are two basic types 
of oviposition sites: aquatic and terrestrial, the former being representative of most of the 
anuran species (Duellman and Trueb 1986). However, L. archeyi displays the less common 
reproductive mode in amphibians as it uses terrestrial oviposition sites in which endotrophic 
larvae develop until metamorphosis (Bell 1985a; ‘mode 23’ in Wells 2007). This type of 
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reproductive mode is not restricted to this group of ancient frogs (Wells 2007), as it is present 
in many other species around the world. These include Microhylidae species from New 
Guinea (Menzies 1976), Eleutherodactylus spp. from the Neotropics (Duellman and Trueb 
1986), and Arthroleptis spp. from sub-Saharan Africa (Wells 2007).  
Some terrestrial species with direct development of eggs use the ground beneath a 
log, leaves, or stones as oviposition sites, for example, Eleutherodactylus coqui lays eggs in 
curled dead leaves of Cecropia trees (Wells 2007); Cophixalus concinnus lays eggs under 
rocks (Hoskin 2004). Other species lay their eggs inside cavities, burrows or phytotelmata, 
for example, Hylophorbus rufescens lays eggs in damp cavities close to the ground level 
(Menzies 1976), and Oreophryne species use hollow aerial tubers of epiphytes (Matsui et al. 
2013) and cavities in tree ferns (Wells 2007).  
The most common oviposition sites recorded in the literature for L. archeyi are under 
logs or flat stones (Archey 1922, Stephenson and Stephenson 1957, Bell 1978a, Thurley and 
Bell 1994, Eggers 1998), and there is one specific reference to an oviposition site under a 
dead tree-fern trunk (Bell 1978a). However, two oviposition sites inside dead tree-fern trunks 
were observed in Whareorino in November 2014 (P. Ramírez pers. comm. January 31st 
2015). 
Knowledge of reproductive behaviour is critical for translocation management 
(IUCN/SSC 2013), as this information is relevant to fecundity and survival (Linhoff et al. in 
press). However, knowledge about the reproductive biology of L. archeyi is limited (see 
Chapter 1). Most of the existing accounts are based on anecdotal observations of eggs in the 
field (e.g. Archey 1922; Turbott 1942; Stephenson and Stephenson 1957; Bell 1978a; P. 
Ramírez pers. comm. January 31st 2015), or systematic observations in captivity (e.g. Archey 
1922; Stephenson 1951; Bell 1978a, 1982). The only exceptions are the field observations 
reported by Eggers (1998: 108-109); this author monitored egg development and hatching of 
froglets under a ‘small’ rock in Whareorino forest.  
The appropriate selection of suitable sites for conservation translocations is a critical 
factor for translocation success (e.g. Germano and Bishop 2009; but also see Chapter 1). 
Thus the overall aim of this study was to provide information that will assist in the selection 
of potential new translocation sites for L. archeyi, by studying the ‘habitat quality’ (Hall et al. 
1997) of sites occupied by natural populations.  
The first question addressed was to determine if the anecdotal observation of an 
oviposition site inside a ponga trunk was an unusual event or a recurrent behaviour for this 
species. The term ‘ponga’, as used in this study, refers to the dead trunk of a tree-fern 
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(Cyathea spp. or Dicksonia spp.) that has rotted to become hollow or partially hollow. If the 
frogs are regularly using ponga for oviposition, the availability of these in potential 
translocation sites needs to be determined. Furthermore, to explore the frogs’ preference for 
this resource, the relationship between the occupancy of a ponga as an oviposition site and 
the structural characteristics of the ponga trunk was investigated using quantitative analysis.  
If ponga trunks are used as oviposition sites, they must offer suitable temperature, 
humidity, and light levels for egg development and metamorphosis of froglets. It can also be 
suggested that ponga trunks that are longer and deeper and that have a second chamber 
prevent predation of the frog or the eggs by introduced animals. Thus the following physical 
characteristics of the ponga trunks inhabited by frogs were measured: length, orientation, and 
diameter at the opening.  
 
4.2. Materials and methods  
 
4.2.1. Study site  
 
The study site is a c. 5000 m2 block around ‘Archey’s hut’ in the Whareorino 
Conservation Area, a protected forest in the west of the Waikato region, New Zealand 
(Figure 1.3 in page 17).  
The vegetation of the site is characterised by the presence of Griselinia littoralis with 
Coprosma grandifolia in the highest stratum (c. 25 m height), together with Beilschmiedia 
tawa, Weinmannia racemosa. The understory is composed mainly of ponga trees (Cyathea sp. 
and Dicksonia sp.) up to 10 m high, together with young trees of Pseudowintera colorata and 
B. tawa. The lower stratum is dominated by Blechnum spp. and several Bryophytes sensu 
lato. This forest provided an estimated 95% of canopy coverage (see Chapter 5 for a full 
description of vegetation measurements carried out in this study area) (see also Figure 4.1). 
This area was selected because of the anecdotal observation of two ponga used as 
oviposition sites in this area in November 2014 (P. Ramírez pers. comm. January 31st 2015). 
 
4.2.2. Field monitoring of oviposition sites  
 
Searches of oviposition sites inside dead tree-fern trunks were conducted during the 
day within the study site area. Once a ponga was sighted, it was checked for use by a frog (or 
not), using a head-torch. A ponga was identified as an oviposition site if a frog with eggs or  




Figure 4.1. General view from the study site in the northern part of the Whareorino 
Conservation Area. 
 
froglets was observed inside. Each oviposition site was marked (by attaching a plastic label 
nearby) on the first encounter and checked again up to 10 times (range: 1-10) between 
October 2015 and February 2018. Duration of field trips varied from one to three days. As 
they were discovered, an increasing number of oviposition sites was monitored over time, 
starting with three sites in October 2015, and ending up with 14 sites in February 2018 
(Figure 4.2). Two ponga were excluded from the monitoring because of natural destruction of 
the trunk, probably because they fell over after a storm and/or were destroyed by invasive 
species known to be present in the area (e.g. goats, pigs) (brown circles in Figure 4.2). Six 
more ponga were included in the monitoring as two frogs were observed inside them prior to 
the period when eggs first appeared (October), and these frogs may have been in the early 
stages of mating behaviour (white circles in Figure 4.2). A total of 22 ponga were monitored 
during the four years of duration of this study (Figure 4.2).  
In addition, one camera trap (Trophy Cam Bushnell HD, model 119577c) was 
installed over one oviposition site to trial the feasibility of monitoring ponga with an 
automatic remote device. Unfortunately, this trial did not work as expected for several 
reasons (e.g. battery failure and camera rearrangement by possum [Trichosaurus vulpecula]), 
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thus these observations were not analysed and are only shown as anecdotal observations in 
Appendix G. 
When the research was completed, plastic labels, flagging tape, warratahs or any other 
material used for this study was carefully removed. 
 
 
Figure 4.2. Map of 22 ponga monitored between October 2015 and February 2018 in the 
study site.  OS= oviposition site. 
 
4.2.3. Structural characteristics of oviposition sites in ponga trunks 
 
Three structural characteristics were measured for each oviposition site: orientation 
with reference to the ground (horizontal, vertical, or diagonal), length (cm), and diameter of 
the opening (cm) (Figure 4.3). Depth of the first chamber (cm) and presence/absence of a 
second chamber (Figure 4.4) in the ponga were not used in the modelling due to missing 
values (associated with the non-invasive design applied in this study; see Discussion below). 
Only ponga shorter than 140 cm length were measured (as the author was unable to visually 
check inside ponga taller than this). 
General Linear Models (GLM) (i.e. logistic regressions) were constructed to test 
whether the structural characteristics of the ponga stump predict their use as oviposition sites.  




Figure 4.3. Characteristics measured for each oviposition site: orientation (diagonal [A], 
vertical [B], or horizontal [C]), length (indicated by the blue line in [A], [B] and [C]); and 
diameter at the opening (indicated by the blue line in [D]). Dashed-white line in A represents 
the orthogonal distance from the opening of the ponga to the ground. Dashed-yellow line in 
D represents the opening of the ponga. Photo courtesy on D: Deberah Bishop.  




Figure 4.4. Lengthwise scheme of a vertical ponga showing a second chamber. ‘Depth’, as 
defined in this study, corresponds to the length of the first chamber, measured inside the 
ponga. (Drawing: Patricio Saldivia).  
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The models used the logit link transformation for binomial distributions and size =1. The 
database for this study included observations of used ponga and unused ponga. Used ponga 
corresponded to the field observations made on monitored oviposition sites described in 
Section 4.2.2 (16 of the 22 ponga used as positive encounters in the model). Unused ponga 
corresponded to 30 other ponga counted and measured inside three, 10 m x 10 m plots (used 
as negative encounters in the model). All the ponga, used or unused as oviposition site, were 
measured. The centre point of each of the three 10 m x 10 m plots, corresponded to an 
oviposition site known to be used repeatedly during consecutive years (red squares in Figure 
4.2). Size of the plots (10 m x 10 m) represents a hypothetical home range area of c. 5 m2 
(after Ramírez 2017) if the ponga is located in one corner of a 1 m x 5 m rectangle. Density 
of ponga inside these three plots was 0.1 ponga/m2 (range: 0.05-0.17, SD = 0.06). 
The global model included length, diameter at opening, and orientation of the ponga 
trunks, and all possible combinations were modelled. The Akaike Information Criterion 
values, corrected for small sample size (AICc), were used to select the best model. The 
dispersion parameter was assumed to be 1. All statistical analyses were performed in program 
R (R Core Team 2014). 
 
4.2.4. Abiotic conditions in the oviposition sites 
 
To explore the microclimatic conditions experienced by the frogs inside an oviposition site, 
temperature and humidity was measured with dataloggers (HOBO U23 Pro v2) installed in 
two sets. Each set comprised one datalogger measuring the air conditions at 1 m height, 
together with three other dataloggers measuring a proxy of oviposition site under a rock, over 
grass and inside the ponga (Figure 4.5). Dataloggers started recording data, every 30 minutes, 
from October 17th, 2017 until February 2nd, 2018. For ethical animal welfare, conservation 
and cultural concerns, no frogs were using any of these retreat/oviposition sites at the 
moment of installing the devices. No frogs were observed inside these retreat sites after 
removal of dataloggers either. Dataloggers were installed in the north-west area of the map 
shown in Figure 4.2. This trial failed due to technical problems, thus the data obtained is not 
further considered here but detailed in Appendix H. 
 




Figure 4.5. Dataloggers installed in the field. A) 1m above the ground. B) Under rocks. C) At 




4.3.1. Observations in the field 
 
A total of 22 ponga were monitored during this study, 16 of which were confirmed as 
oviposition sites (Figure 4.2). Based on the observations, the annual reproductive pattern of 
L. archeyi was determined: individuals pair around October, frogs attend eggs from 
November to January, and carry froglets on their backs until around early February (Figure 
4.6, 4.7, 4.8 and 4.9A).  
More than one adult frog was often observed inside the oviposition site during egg 
attendance and after hatching of froglets (Figure 4.6, 4.8, Figure G3 in Appendix G). It is 
interesting that the oviposition sites monitored during winter (i.e. outside the oviposition 
season) were mainly occupied by one frog during May, but by two frogs during July (Figure 
4.6). 
 




Figure 4.6. Frog activity observed inside the ponga trunks monitored during the study. 
Number of breeding seasons monitored: September = 0, October = 3, November = 1, 
December = 1, January = 1, February = 2, March = 0, April = 0, May = 1, June = 0, July = 1, 
August = 0.  
 
Four out of the seven oviposition sites (57%) that were monitored in the second 
breeding season (2016-17) were also used as oviposition sites in the previous season (2015-

























































































Figure 4.7. Sequence of images from one oviposition site repeatedly used in different 
breeding seasons (Diameter at the opening = 9 cm). A) November 2015; frog sitting over 
eggs. B) February 2016; froglets on frog’s back. C) December 2016; frog sitting over eggs. 
D) January 2017; frog sitting over eggs. E) October 2017; two frogs in the oviposition site. F) 
February 2018; oviposition site empty. 




Figure 4.8. Three frogs sitting over eggs, at the bottom of a broken ponga hanging from a 
climber. This was the only observation of an oviposition site inside ponga that was not 
standing on the ground. Observed in October 16th, 2017 (Drawing: Elisa Ramírez).  
 
 




Figure 4.9. A) Froglets on frog’s back observed in February 2018. B) Three frogs observed in 
Pukeokahu in October 2017, inside the same ponga that was observed with a frog over eggs 
in November 2016. C) Oviposition site observed with one frog sitting on eggs inside a 
horizontal ponga in Pukeokahu in November 2016 (Photo credits: Karina Radley). 
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4.3.2. Quantitative modelling of ponga characteristics 
 
A total of 46 ponga were measured for this analysis, 16 of which were used as an 
oviposition site and 30 of which, were not used as oviposition site. The ponga used as 
oviposition sites corresponds to a subset of the 22 ponga monitored for breeding behaviour 
(see Figure 4.2 and section 4.3.1). The ponga included in the model as not used ponga were 
searched inside three, 10 m x 10 m plots (red squares in Figure 4.2), and correspond to ponga 
not used as oviposition site at the time of measurement.  
From the 46 ponga included in the modelling analysis, diagonal ponga were longer 
than horizontal and vertical ponga, although there was no statistical correlation between 
length and orientation of the ponga trunks (F[2,43] = 2.394, p = 0.1033). Similarly, 
horizontal ponga tend to have a larger diameter at the opening of the ponga. However, there 
was no correlation between diameter of the opening and ponga orientation (F[2,43] = 2.346, p 
= 0.1079). A summary of descriptive results is shown in Table 4.1.  
 
Table 4.1. Summary of ponga measurements made at the study site.  
Ponga orientation N 
Length (cm) Diameter at the opening (cm) 
Mean (range) SD Mean (range) SD 
Diagonal 9 86.46 (35-133) 29.01 6.33 (4-10) 1.98 
Horizontal 11 64.07 (21.2-115) 28.85 7.3 (3-11.8) 2.9 
Vertical 26 64.54 (33-111) 25.76 5.5 (2-10) 2.19 
Total 46 68.71 27.96 6.09 2.41 
 
In relation to the differences in ponga used, and not used, as oviposition sites, the 
diameter of the opening of the ponga was significantly smaller in ponga used as oviposition 
sites (F[1,44] = 4.816, p = 0.03353) (Table 4.2). No differences in length were found between 
used and unused ponga (F[1,44] = 0.04757, p = 0.8284). From the 16 ponga used as 
ovipositions sites, two were horizontal, four were diagonal and 10 were vertical. A summary 
of descriptive results of the 16 ponga included in the modelling analysis as positive 
oviposition sites are shown in Table 4.2. 
Modelling suggests that diameter of the opening is the best predictor for ponga use as 
an oviposition site (Table 4.3). 
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Table 4.2. Summary of results from measurements of 46 ponga in the study site. * indicates 
significantly different values. 
Ponga characteristics 
Used as oviposition site 
(N=16) 
Not used as oviposition site 
(N=30) 
Mean  SD  Mean SD 
Length (cm) 67.47 28.55 69.38 28.11 
*Diameter at opening 
(cm) 
5.07 2.17 6.64 2.38 
 
Table 4.3. Summary of models assessed for ponga occupancy.  






Diameter of the opening  2 58.57 0 
Length + Diameter of the opening  3 60.07 1.5 
Diameter of the opening + Orientation  4 61.32 2.75 
Null Model 1 61.44 2.87 
Length + Diameter of the opening + Orientation  5 63.21 4.64 
Length  2 63.39 4.82 
Orientation 3 63.44 4.87 
Length + Orientation  4 65.21 6.64 
 
The mathematical equation that represents the model selected according to AIC 
ranking is: 
 
Pr(Occupancy of pongai=1) = logit
 -1(-0.72(Intercept)-0.76 ·Diameter at the opening of pongai) 
 
 This equation represents the probability of ith ponga to be used as an oviposition site. 
Thus, the model indicates that there is a 33% probability that a ponga with a diameter size at 
the opening c. 6 cm will be used as oviposition size. Furthermore, the probability of using a 
ponga as an oviposition site increases as the diameter at the opening decreases. The smallest 
diameter at the opening found in a used ponga was 2 cm, and this corresponds to a vertical 
trunk. 
 





4.4.1. Habitat quality of ponga trunks used by Leiopelma archeyi for oviposition 
 
The observations in this study verify the use of ponga as L. archeyi oviposition sites, 
not only in the northern area of Whareorino, but also in Pukeokahu (Figure 4.9C). The only 
mention of an oviposition site and tree ferns in Coromandel is found in Bell (1978a), but this 
report corresponded to an oviposition site under a tree fern log, not inside.  
According to the modelling analyses, the diameter of the opening was the ponga 
characteristic that best predicts its use as an oviposition site, and the narrower the ponga 
opening (diameter at the opening < 6 cm) the more likely it was to be used as an oviposition 
site. The diameter of the opening has an impact on the amount of light (and UVB) able to 
reach the eggs, as well as the temperature and humidity conditions at which the eggs will be 
exposed during development. Furthermore, the diameter of the ponga opening could be 
related with two of the suggestions made in the introductory section of this study: the 
relationship with the environmental conditions and with predation avoidance.  
The relationship between diameter of the opening and avoidance of predation was not 
feasible to study here, but it can be hypothesized that a narrower opening may provide better 
refuge from predators. A single photograph from the camera trap shows a rat at the opening 
of a ponga occupied by a frog, but it is not known what happened to the frog observed in the 
picture, although a frog was seen on this ponga the day after (see Figure G5 and G6 in 
Appendix G). Ponga may serve as a safe refuge for frogs from those introduced species that 
use visual cues (e.g. cats) or hunt by olfactory cues on the ground (e.g. ferrets and 
hedgehogs) (Dowding and Murphy 2001). Presumably, the orientation of the ponga (vertical, 
diagonal or horizontal) plays an important role in the successful use of ponga as oviposition 
sites. If ponga is to prevent predation events by rats, this may not be true for ponga in a 
horizontal disposition, given that only two of the 16 confirmed oviposition sites were 
horizontal. 
Egeter et al. (2015) summarised the known predation events of ship rat (Rattus rattus) 
on L. archeyi as 12 dead frogs found with bite marks, plus 5 dead frogs identified from 2 rat 
stomachs (out of 17 rat stomachs measured in Egeter [2014]). Other New Zealand vertebrates 
that used refuges to avoid predation include the lizard Oligosoma suteri, which uses boulders 
as a refuge from the introduced Rattus exulans (Towns et al. 2003). The observations 
obtained with the camera trap of a rat on top, and nearby a ponga (see Figure G5 and G6 in 
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Appendix G), constitute remarkable natural history observations of interaction in the wild 
between native frog species, Leiopelma archeyi, and an introduced predator species, Rattus 
sp. 
The persistence of ponga oviposition sites from one season to the next remains 
unclear. Two oviposition sites (brown circles in Figure 4.2) were destroyed between one 
breeding season to another by most likely a natural event. The most ‘unstable’ (susceptible to 
be destroyed) oviposition site in ponga observed corresponded to that shown in Figure 4.8. 
 
4.4.2. Feasibility of a long-term monitoring of oviposition sites inside ponga 
 
The repeated use of the same ponga as an oviposition site over more than one 
breeding season (Figure 4.6), suggests that a low-cost, non-invasive monitoring of 
oviposition sites with ponga occupancy could be used to estimate population growth. This 
would be similar to the use of spawn strings to monitor population growth in translocated 
populations of the frog Epidalea calamita in Britain (Denton et al. 1997). 
It is possible that the low level of repeated use of the same ponga during the third 
breeding season (2017-2018) was associated with climatological issues and not with the frogs 
changing ponga between breeding seasons. During the third season the monitoring occurred 
at the end of October and the beginning of February, which represents the time window when 
it is possible to visually confirm the use of ponga as oviposition site (by observing eggs or 
froglets). Moreover, in that season (2017-2018), there was a drought that not only affected 
oviposition site occupancy, but also decreased frog capture rate during the DOC (Department 
of Conservation, New Zealand) long-term monitoring session (A. Quinnell personal 
communication, February 3rd, 2018). For example, from the 20 ponga monitored in February 
2018, only six were observed with eggs or froglets. This could be the result of a shorter or 
less successful breeding season caused by the drier conditions. November 2017 was the 6th -
warmest November on record for New Zealand, with temperatures well above average, 
particularly for Te Kuiti (interior of Waikato region), were temperature was 1.5 °C warmer 
than a normal year (NIWA Taihoro Nukurangi 2017b). 
Finally, given the susceptibility of ponga to being destroyed (as mentioned above), 
long-term monitoring of oviposition sites inside ponga should use a site-occupancy approach 
(e.g. Mackenzie and Royle 2005). In this method, the focus is not on monitoring a set of 
specific ponga, but on determining the percentage of ponga used as oviposition sites in a 
fixed area. 
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4.4.3. Limitations of a non-invasive monitoring design 
 
There are evident limitations when studying endangered or rare species, as the study 
must not compromise the animal’s conservation (Kemp et al. 2015). Personal observations of 
ponga oviposition sites in the field suggested that even a small amount of disturbance at the 
site are enough to cause the oviposition site to be abandoned; this was also observed under 
captive conditions (R. Gibson personal communication on November 24th, 2015). For this 
reason, it was undesirable and impractical to measure depth of first chamber in the ponga, or 
to corroborate the presence of a second chamber (see Methods). Further research would be 
required to study the relationship between use of ponga and other trunk characteristics, like 
depth of chamber and presence of double chambers. In order to keep a non-invasive study 
protocol, further studies could attempt to measure these characteristics during late autumn, 
because most of the monitored oviposition sites were empty during that period. For the same 
reasons, it was not possible to accurately count eggs, or identity individuals, using 
photographic ID or DNA swabs, to determine oviposition site fidelity.  
 
4.4.4. Additional biological inquiries suggested by the monitoring observations 
 
In many cases more than one frog was observed inside the monitored oviposition sites 
(Figure 4.6, 4.8, 4.9B, Figure G3 in Appendix G), and this raises several questions about the 
social and reproductive behaviour of this species. For example, what are the details of 
parental care in this species – how many frogs are attending the eggs? One, two, three? What 
sex are the frogs attending the eggs? Another question concerns the paternity of the eggs at 
each oviposition site. Previous observations report the presence of up to nine adult frogs (>35 
mm Snout-Vent Length [SVL]) under a single fallen tree-fern, all in a group in Whareorino 
(Bishop 2006). It is possible that the multiple groupings observed in the present study 
represent a different combination of sexes that may involve multiple paternity. Further 
studies are required to understand this behaviour fully, especially in order to improve the 
design of translocations of this species. 
It is remarkable that the use of a single oviposition site by two frogs occurred not only 
in October, as was previously known (e.g. Bell 1978a), but also in July (Figure 4.6). This 
could imply that the breeding season began much earlier than was thought. Germano et al. 
(2012) also found evidence to suggest an unexpected winter breeding behaviour on the 
congeneric L. hamiltoni. These authors showed that both urinary metabolite hormones (a 
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measure of breeding activity) and frequent observation of females exhibiting enlarged 
ovarian follicles, may suggest winter or early spring breeding. If breeding behaviour of L. 
archeyi, was also to begin in winter, dates of collection for translocation and release should 
be undertaken during autumn, from March to June. 
To conclude, this study offers baseline information on habitat parameters in L. 
archeyi oviposition sites. These can be used to assess habitat quality at potential sites for 
translocations, or for in-situ management actions aimed at habitat improvement. 
The observations reported in this study contributed to closing the gap of knowledge 
on natural history breeding behaviour of this threatened terrestrial anuran. An understanding 
of the biology of the translocated species is essential for the selection of the release site 
(IUCN/SSC 2013). In the next Chapter, a post-hoc analysis of the quality of Pukeokahu as 
release site for L. archeyi is assessed comparing biotic and abiotic components of the 
environment between the donor (in Whareorino forest) and release (in Pukeokahu forest) 
populations. 
 





How much does it match: comparison of microhabitat features 





The concept of ‘habitat’ has been widely recognised as ambiguous, and this has led to 
a confused usage (Tansley and Chipp 1926; Whittaker et al. 1973; Hall et al. 1997; Alagona 
2011). In this study, the word “habitat” refers to “the resources and conditions present in an 
area that produce occupancy by a given organism” (Hall et al. 1997: 175).  
In translocations, ‘the condition of the habitat (i.e. the habitat quality) in the release 
area’, is reported as one of the main factors that has determined the success or failure of 
many reintroduction projects (Osborne and Seddon 2012). This is also true for amphibians 
and reptile translocations (Germano and Bishop 2009), including Leiopelma translocations 
(e.g. low-quality habitat is suggested as the reason for failure in the translocation of L. 
hamiltoni to Long Island, S. Wren pers. comm. October 1st 2018) (also see Chapter 1). 
Determining habitat quality is a complex procedure, and to avoid ambiguity this study will be 
based on the definitions and terms applied by Hall et al. (1997).  
Leiopelma archeyi frogs were originally observed on the Coromandel Peninsula, 
inhabiting damp hill tops, where mist occurred all year round (Archey 1922).  Coromandel 
sites with frogs included an abundance of tree ferns and epiphytes of many kinds (Stephenson 
and Stephenson 1957). 
In the Coromandel, L. archeyi has usually been observed in retreats under stones on 
ridges. At Whareorino the species has also been observed in vegetation retreats within 
forested areas, with species such as crown fern (Blechnum discolor), tree fern (Cyathea 
smithii) and hook grass (Uncinia uncinata) (Thurley and Bell 1994; Eggers 1998; Thurley 
1996; Thorsen 1998). 
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At Whareorino, Eggers (1998) searched for L. archeyi frogs during the day on ridges 
and ‘close to water areas’. She reported that the most commonly used retreat sites were rocks 
(N=101), rice grass (Microlaena sp.) (N=47), hook grass (Uncinia sp.) (N=16) and others 
(ground ferns, logs and leaf litter) (N=10). Eggers (1998) also suggested that there was a 
weak correlation between frog size and retreat type, with smaller frogs using more vegetated 
retreat sites and larger frogs using rockier retreat sites.  
Also in Whareorino, Ramirez (2017) reported that L. archeyi frogs were mostly 
associated with retreat sites above ground level, especially on tree trunks, branches, and 
roots.  She reported that in the presence of predators (e.g. rats), frogs tend to use higher 
retreat sites than in sites with predator control where frogs were more abundant at ground 
level. 
The release site chosen for the translocation analysed in this thesis is Pukeokahu 
forest (see Chapter 1). According to Smale and Wallace (2006), the environmental criteria 
used to select this site were: 
 
• Vegetation comprising mixed podocarp forest 
• Altitude of 700 to 860 metres  
• High annual rainfall 
• Presence of ground ferns, grasses and logs, abundant invertebrate fauna  
• Presence of the closely related L. hochstetteri in a nearby area 
 
There are two main problems with these criteria. Firstly, Pukeokahu was selected 
using a qualitative-intuitive method, as no measurements of conditions at the site were made, 
and the features used are at a macrohabitat scale. The features are not informative about the 
microhabitat conditions experienced by the frogs at the new site. 
Secondly, even when there is some degree of sympatry in populations of L. 
hochstetteri and L. archeyi, both species are clearly differentiated by their habits, breeding 
behaviour and morphology (see Chapter 1). Therefore, the presence of one species cannot be 
assumed to indicate the presence of suitable habitat for the other.  
Thus, the main objective of this study was to carry out a post-hoc analysis to 
determine whether or not suitable habitat for L. archeyi is present at Pukeokahu. The study 
examined four microhabitat components measured at the donor site (Whareorino) and at the 
release site (Pukeokahu). It was assumed that the microhabitat present in Whareorino Forest 
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(donor population) encompasses the ecological requirements for population persistence of 
this species. It is also assumed that the habitat present at both sites (donor and released) will 
not undergo significant change in quality, as they are within protected areas managed by the 
Department of Conservation (DOC), New Zealand. 
Of the four microhabitat features measured, two were biotic components related to 
vegetation, and two were abiotic components related to weather conditions. The relevance of 
the microhabitat features for L. archeyi are described next. 
Cree (1989) showed a strong correlation between the number of emerged L. archeyi 
individuals and moisture-related factors (e.g. relative humidity, daytime rain, rain during 
search, vegetation wetness, and vapour pressure deficit). In this study, the moisture-related 
factors were assessed by measuring the abundance of bryophytes and Hymenophyllaceae on 
trunks and relative humidity of the air in the forest and in retreat sites. 
Temperature is also correlated with the activity of this species (see Chapter 2) and of 
amphibians in general (see Chapter 1), and so ambient temperature and temperature inside a 
retreat site were also included in this study. Finally, vegetation type was assessed in this 
study, in order to understand how the forest structure and physiognomy effect on the habitat 
of this species. Factors considered here include luminosity, evapotranspiration and access to 
retreat sites. The link between vegetation and L. archeyi habitat remains unclear. However, a 
general description of vegetation was considered to be part of the minimum information 
desired to be available in a translocation site baseline.  
Finally, it is important to clarify that the overall aim of this Chapter is to provide a 
baseline of information to link with demographic results rather than propose a standard 
method to select translocation sites for L. archeyi. Therefore, information is provided in 




5.2.1. Study areas 
 
 The study was conducted at two sites: (i) the donor site in the northern area of 
Whareorino Forest (c. 5000 m2) and, (ii) the release site in Pukeokahu Forest (c. 3000 m2) 
(see Figure 5.1). In Pukeokahu, the vegetation measurements were carried out inside the 2006 
fence (to have a sample of the area after 10 years of herbivore exclusion), further North of the 
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2006 fence (to include a high frog density area sample) and South of the 2006 fenced area (to 
have a low frog density area sample) (Figure 5.1).  
Both sites are currently managed by DOC. Predator control is conducted at both sites, 
but at different levels of intensity (Quinnell 2017). Additionally, at Pukeokahu, a herbivore-
resistant fence, designed to exclude pig and deer, has been installed around the release 10 m x 
10 m grid, in order to enhance vegetation restoration (see Figure 2.2 and 2.3 in Chapter 2, p. 
30). 
All the biotic and abiotic measurements described below were collected equally at 
both sites.
 
Figure 5.1. Habitat study areas used in the donor (Whareorino) and release (Pukeokahu) sites.  
 
5.2.2. Vegetation description 
 
The vegetation was described in terms of its vertical and horizontal structure, and its 
dominant species. The vertical structure indicates the different height strata identifiable 
within a homogeneous patch of vegetation. A height stratum comprises the plants forming a 
horizontal canopy belt at a determined height. The different height strata are characterised 
separately for the three main life-forms recognized within terrestrial plants: trees, shrubs, and 
herbs. The standardized height for each stratum within each life-form is shown in Table 5.1. 
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Table 5.1. Height strata categories per plant life-form (after Etienne and Prado 1982).  
Stratum Tree Shrub Herb 
Extremely small < 2 m < 5 cm < 5 cm 
Very small 2-4 m 5-25 cm 5-25 cm 
Small 4-8 m 25-50 cm 25-50 cm 
Medium 8-16 m 50-100 cm 50-100 cm 
High 16-32 m 1-2 m 1-2 m 
Very high > 32 m > 2 m > 2 m 
 
The dominant species of each stratum were identified. These species are the ones that 
make up most of the canopy biomass of the stratum. 
The horizontal structure comprises the canopy cover of the different strata. Canopy 
cover measures the vertical projection of a given stratum to ground level, and that projection 
is qualified into one of seven cover categories (Table 5.2). A visual example is shown in 
Figure 5.2. Cover values were estimated visually using a standard cover abundance scale 
(Figure 5.3).  
 
Table 5.2. Cover categories for each dominant species within a stratum (after Etienne and 
Prado 1982). 
Density Cover (%) 
Very open 1-5 
Open 6-10 
Very sparse 11-25 
Sparse 26-50 
Low density 51-75 
Dense 76-90 
Very dense 91-100 
 




Figure 5.2. Left: scheme of vegetation. Right: canopy projection to ground level. Top: 
example of sparse vegetation. Bottom: example of low-density vegetation. Adapted from 
Etienne and Prado (1982).  
 
This method describes the current vegetation resources of a determined area. Similar 
methods have been widely used in temperate areas of the southern hemisphere such as Chile 
(Etienne and Prado 1982) and New Zealand (Hurst and Allen 2007).  
All plant species identifications were performed in situ on February 6th to 8th, 2016 
(assisted by Patricio Saldivia, Department of Botany, University of Otago). 




Figure 5.3. Visual scale used to guide cover estimates. Adapted from Etienne and Prado 
(1982).  
 
5.2.3. Vegetation cover on trunks 
 
The levels of bryophyte and Hymenophyllaceae cover on trunks were visually 
estimated using the same cover scale guide used for the description of vegetation (Figure 
5.3). Trunks were chosen haphazardly within the northern area of Whareorino and outside the 
2006 perimeter fence in Pukeokahu (Figure 5.1). Forty trunks of different sizes (according to 
their perimeter measured at 1.3 m height) were selected in each population (N= 10 in size A 
[perimeter < 20 cm], N= 10 in size B [perimeter 21-50 cm], N= 10 in size C [perimeter 51-
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100 cm], and N= 10 in size D [perimeter >100 cm]). Bryophytes and Hymenophyllaceae 
were estimated for one side of the trunk, inside a 50 cm non-square quadrat positioned 105-
155 cm above ground level (Figure 5.4). Chi-square tests for independence between factors 
were performed in the software package R (R Development Core Team 2014).  
 
 
Figure 5.4. Examples of bryophytes and Hymenophyllaceae coverage on trunks. Left: trunk 
size ‘D’ (perimeter >100 cm) with dense cover (76-90%) of filmy ferns (Hymenophyllaceae), 
very sparse cover (11-25%) of bryophytes. Right: trunk size ‘B’ (perimeter 21-50 cm) with 
low density cover (51-75%) of bryophytes.  
 
5.2.4. Microclimatic data 
 
Temperature (ºC) and relative humidity (%) were recorded with dataloggers (HOBO 
U023) installed inside and outside retreat sites, namely the dead trunks of tree-fern species 
(Cyathea spp. and Dicksonia spp.) (Figure 5.5). Data was recorded every ten minutes over a 6 
month-period between October 2015 to March 2016. This time interval was chosen to 
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February, see Figure 1.2 in page 11 and Chapter 4), which was the minimum time frame to 
consider as baseline information. Four dataloggers were installed at each site, with two 
measuring conditions in the open air and two measuring conditions inside retreat-sites. A 
retreat site is defined as a place where anurans spend their inactive periods (Duellman and 
Trueb 1986). For L. archeyi, retreat sites are commonly described in the literature as: under 
rocks (e.g. Archey 1922; Stephenson and Stephenson 1957; Thorsen 1998), under logs (e.g. 
Thurley and Bell 1994) and inside ponga (e.g. anecdotal observation of A. Smale in Bishop et 
al. 2006, p. 5). Descriptive statistical analyses (i.e. summarise a sample rather than infer from 
the population using probability theory) were performed to compare these values, as only two 
samples/treatment/population were available with this design. 
 
 










5.3.1. Vegetation description  
 
In Whareorino forest, the dominant plant species of the highest stratum (16-32 m 
height) were Griselinia littoralis and Coprosma grandifolia, and the stratum had sparse cover 
(26-50%). The dominant plant species of the next lower stratum (8-16 m height) were 
Beilschmiedia tawa, Weinmannia racemosa and Coprosma grandifolia, with a very sparse 
coverage (11-25%). The understorey was composed mainly of ponga tree ferns (Cyathea spp. 
and Dicksonia spp.) up to 10 m high, together with young trees of Pseudowintera colorata 
and Beilschmiedia tawa. The lowest stratum (from the ground level up to 25 cm), was 
dominated by Blechnum species and several bryophytes. The estimated canopy cover was 
95%. A full list of the results per stratum is given in Table 5.3 and Figure 5.6. 
In Pukeokahu forest, the vegetation of three small areas was described: inside the 
2006 fence, northern area outside the 2006 fence and southern area outside the 2006 fence 
(Figure 5.1). The dominant plant species of the highest stratum (16-32 m height) were 
Griselinia littoralis, Beilschmiedia tawa and Coprosma grandifolia, with a clear coverage (6-
10%) inside the 2006 fence area and very clear coverage (1-5%) outside the 2006 fence area. 
The understorey of the forest inside the 2006 fence area was dominated by Cyathea sp. and 
Coprosma grandifolia, with a sparse coverage (26-50%). Outside the 2006 fence area, the 
dominant plant species of the understorey was Pseudowintera colorata, with very clear cover 
(1-5%). The dominant plant species recorded in the lowest stratum were Blechnum spp., 
Microlaena sp. and Uncinia sp. with cover values varying from very sparse (11-25%) to very 
clear (1-5%). The forest in Pukeokahu presents a total canopy cover of c. 75%, and slightly 
lower (c. 65-70%) in the southern part of the release site. A full list of results per area and 
stratum is available in Table 5.3 and Figure 5.7, 5.8 and 5.9 for the areas inside the 2006 
fence, northern area outside 2006 fence and southern area outside 2006 fence, respectively.  
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Table 5.3. Description of vegetation for all the study sites. Study sites: Whareorino = north area of Whareorino forest; Pukeokahu fence = inside 
the 2006 fence at Pukeokahu; Pukeokahu north = northern area outside the 2006 fence; Pukeokahu south = southern area outside the 2006 fence. 
Plant species: BT = Beilschmiedia tawa; CG = Coprosma grandifolia; GL = Griselinia littoralis; PC = Pseudowintera colorata; SD = Schefflera 
digitata; WR = Weinmannia racemosa; ab = Asplenium bulbiferum; br = bryophyte spp.; bs = Blechnum sp.; bss = Blechnum spp.; cs = Cyathea 
sp.; ms = Microlaena sp.; ps = Polystichum sp.; us = Uncinia sp.  
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Figure 5.6. Vegetation diagram for Whareorino. BT = Beilschmiedia tawa; CG = Coprosma 
grandifolia; GL = Griselinia littoralis; PC = Pseudowintera colorata; WR = Weinmannia racemosa; 
br = bryophyte spp.; bs = Blechnum sp.; cs = Cyathea sp. X-axis: height of different stratum. 
Drawings: Patricio Saldivia. 
 
 
Figure 5.7. Vegetation diagram for Pukeokahu inside the 2006 fence. BT = Beilschmiedia tawa; CG = 
Coprosma grandifolia; GL = Griselinia littoralis; PC = Pseudowintera colorata; SD = Schefflera 
digitata; ab = Asplenium bulbiferum; br=bryophyte spp.; bs = Blechnum sp.; cs = Cyathea sp.; ms = 
Microlaena sp.; ps = Polystichum sp.; us = Uncinia sp. X-axis: height of different stratum. Drawings: 
Patricio Saldivia. 
 




Figure 5.8. Vegetation diagram for Pukeokahu for the northern area outside the 2006 fence area. BT = 
Beilschmiedia tawa; CG = Coprosma grandifolia; GL = Griselinia littoralis; PC = Pseudowintera 
colorata; SD = Schefflera digitata; br = bryophyte spp.; bss = Blechnum spp.; cs = Cyathea sp.; ms = 
Microlaena sp.; us = Uncinia sp. X-axis: height of different stratum. Drawings: Patricio Saldivia. 
 
 
Figure 5.9. Vegetation diagram for Pukeokahu for the southern area outside the 2006 fence area. BT = 
Beilschmiedia tawa; CG = Coprosma grandifolia; GL= Griselinia littoralis; PC = Pseudowintera 
colorata; br = bryophyta spp.; bs = Blechnum sp.; cs = Cyathea sp.; ms = Microlaena sp.; us = 
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5.3.2. Vegetation cover on trunks 
 
Eighty-two trunks were measured in both localities for coverage of bryophytes and 
filmy ferns (Hymenophyllaceae spp.) (Whareorino = 42 trunks, Pukeokahu = 40 trunks). A 
chi-square test of independence was calculated comparing the frequency of bryophytes 
coverage on trunks in the donor (Whareorino) and release (Pukeokahu) sites. A significant 
difference was found between localities for all coverage categories (chi-square (df) = 6, 
17.436, p-value = 0.007808). This means that Whareorino has more trunks with more 
coverage of bryophytes than Pukeokahu (Figure 5.10).  
 
 
Figure 5.10. Bryophyte cover of trunks measured in Whareorino (N=42) and Pukeokahu 
(N=40). 
 
A chi-square test of independence was calculated comparing the frequency of 
Hymenophyllaceae cover on trunks in the donor (Whareorino) and release (Pukeokahu) sites. 
There was no evidence to conclude independence between localities for all coverage 
categories (chi-square (df) = 6, 12.095, p-value = 0.05988) (Figure 5.11).  





Figure 5.11. Hymenophyllaceae cover of trunks measured in Whareorino (N=42) and 
Pukeokahu (N=40). 
 
5.3.3. Microclimatic data 
 
 A total of 21,717 measurements were downloaded from each of the eight dataloggers 
installed in the field (Table 5.4 and 5.5). The average air temperature measured at Pukeokahu 
was 12.3 ºC (range: 0.8-22.1) and the average relative humidity was 93.3 % (range: 38-100), 
respectively. At Whareorino, the average air temperature was 12.2 ºC (range: 2.2-21.5) and 
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Table 5.4. Monthly average temperature (ºC) measured c. 50 cm above ground level and in 
retreat sites (i.e. dead trunks of tree-fern species [Cyathea spp. and Dicksonia spp.]) at 
Whareorino and Pukeokahu between October 2015 and February 2016. 
Month (N=2) Whareorino Pukeokahu 
October 
Air 8.7 (range: 3.7-15.5) 8.9 (range: 1.8-20.8) 
Retreat 8.7 (range: 3.8-16.1) 8.9 (range: 2.2-20.8) 
November 
Air 9.9 (range: 2.2-15.7) 10 (range: 0.8-18.6) 
Retreat 9.8 (range: 1.6-15.3) 9.8 (range: 1.6-16.7) 
December 
Air 11.8 (range: 6.2-20) 12.1 (range: 5.5-22) 
Retreat 11.8 (range: 6.2-18.8) 11.7 (range: 5.9-18.8) 
January 
Air 14.8 (range: 6.5-21.5) 14.8 (range: 5.8-22.1) 
Retreat 14.9 (range: 6.6-20.7) 14.5 (range: 6.5-20) 
February 
Air 15.9 (range: 12.1-20.3) 15.8 (range: 11-21.5) 
Retreat 16.3 (range: 12.7-19.9) 15.5 (range: 11.6-19) 
 
Table 5.5. Monthly average relative humidity (%) measured c. 50 cm above ground level and 
in retreat sites (i.e. dead trunks of tree-fern species [Cyathea spp. and Dicksonia spp.]) at 
Whareorino and Pukeokahu between October 2015 and February 2016. 
Month (N=2) Whareorino Pukeokahu 
October 
Air 98.9 (range: 66.3-100) 94.2 (range: 64.1-99.7) 
Retreat 99.8 (range: 63-100) 95.6 (range: 63.5-100) 
November 
Air 96.8 (range: 41.2-100) 91.5 (range: 38.1-100) 
Retreat 100 (range: 100-100) 90 (range: 51.4-100) 
December 
Air 97.4 (range: 57.7-100) 91.3 (range: 46.6-100) 
Retreat 100 (range: 100-100) 93.6 (range: 63.5-100) 
January 
Air 96.7 (range: 58.3-100) 94.4 (range: 63.7-100) 
Retreat 100 (range: 100-100) 95.3 (range: 65.8-100) 
February 
Air 97.6 (range: 82.1-100) 95.2 (range: 71.9-100) 
Retreat 93.8 (range: 50.5-100) 93.7 (range: 65.9-100) 
 
 From visual examination of the data plots (Figure 5.12-5.15), it is apparent that both 
localities share similar ranges of temperature, although temperatures at Pukeokahu showed a 
greater range, with both the maximum and minimum daily temperatures being more extreme 
(Figure 5.12 and 5.13). However, the maximum relative humidity appeared to differ between 
the localities; at Whareorino it is permanently at c. 100%, particularly inside the retreat sites 









Figure 5.12. Mean air temperature measured at Whareorino (N=2 dataloggers) and 
Pukeokahu (N=2 dataloggers).  
 
 
Figure 5.13. Mean retreat temperature measured at Whareorino (N=2 dataloggers) and 
Pukeokahu (N=2 dataloggers). 





Figure 5.14. Mean air relative humidity measured at Whareorino (N=2 dataloggers) and 
Pukeokahu (N=2 dataloggers). 
 
 
Figure 5.15. Mean retreat relative humidity measured at Whareorino Whareorino (N=2 
dataloggers) and Pukeokahu (N=2 dataloggers). 
 





For amphibians, especially terrestrial species, the vegetation is an important element 
of the habitat because it can affect the microclimate (Babbitt et al. 2010). Furthermore, the 
structure of the vegetation is usually more important than the species composition (Dodd 
2010). In this study, the vegetation at both localities showed structural differences, but had a 
similar list of dominant species (see Table 5.3). The horizontal and vertical structure of the 
vegetation showed that Pukeokahu has less canopy cover and lower abundance of taller trees 
than Whareorino, and thus fewer microsites with suitable conditions for retreat sites. 
The cover values of bryophytes on trunks also showed differences between the 
localities. The forest at Whareorino has significantly more bryophyte cover on the trees than 
the Pukeokahu forest (Figure 5.10). Bryophytes are significant components of temperate and 
tropical forests, and their distribution is influenced by climatic factors such as rainfall, 
temperature, and by micro environmental conditions (site features) such as shade, humidity, 
and temperature (Bahuguna et al. 2013). Bryophytes have a high water-retention capacity due 
to their structure, and they tend to be most abundant in regions with high levels of 
atmospheric humidity and low rates of evaporation (Hallingbäck & Hodgetts 2000, Delgado 
& León-Vargas 2017). They can quickly absorb water and release it slowly into the 
surrounding environment, and can, therefore, contribute to the retention of humid forest 
microclimates and the regulation of water flow (Hallingbäck & Hodgetts 2000, Merchán-
Gaitán et al. 2011). Epiphytic bryophyte cover can be used as a proxy for air humidity when 
other factors such a temperature and elevation are also considered within a circumscribed 
study region (Karger et al. 2012). Cree (1989) reported that L. archeyi seeks moist 
microenvironments to prevent excess water loss. Therefore, the fact that almost every trunk is 
covered with bryophytes in Whareorino, unlike the lower levels of bryophyte cover present at 
Pukeokahu, suggests that Whareorino may offer more microsites suitable for L. archeyi.  
The cover of trunks by Hymenophyllaceae did not show significant differences, 
although it is observed more coverage of these species of ferns in Whareorino than 
Pukeokahu (Figure 5.11). Hymenophyllaceae is considered a good indicator of high 
atmospheric humidity based on its dependence on moist habitats (Hietz and Hietz-Seifert 
1995, Proctor 2003, Gehrig-Downie et al. 2012).  
The understory between donor (Whareorino) and release site (inside 2006 fence at 
Pukeokahu) showed coverage differences (Figure 5.6-5.9). These differences may impact the 
number of retreat sites available for frogs close to the ground level in the 2006 fenced area at 
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Pukeokahu. Other studies reported the effects of vegetation exclusion from introduced 
herbivore species (e.g. Mason et al. 2010; Wright et al. 2012), however, the relation with L. 
archeyi habitat is yet to be understood. 
Nevertheless, the vegetation coverage increase in the lower stratum (< 2 m height) has 
also an impact on the risk associated with accidentally stepping on a frog when doing 
management work (e.g. monitoring or predator control activities). Therefore, the feasibility of 
installing boardwalks in this site should be investigated, especially in the 2006 fenced area. 
Post-release monitoring of the frogs released at Pukeokahu showed a high rate of 
survival (c. 0.8, see Chapter 3). Furthermore, four frogs from the original cohort were re-
captured ten years after release, and new froglets (snout-to-vent length [SVL] c. 11 mm) were 
found less than two years after release (see Chapter 3). Linking these demographic results 
with the microhabitat features measured in this study to infer habitat quality (Hall et al. 1997) 
suggests that there are resources at the translocation site enabling adult frogs to survive and 
breed. However, this is not clear for frogs after metamorphosis (SVL c. 10 mm) and up to 
breeding adult size (SVL c. > 25 mm). Amphibian species often present a negative 
correlation between size and desiccation probability (e.g. Child et al. 2008). Therefore, it is 
unclear whether Pukeokahu offers sufficient resources to allow survival of post-
metamorphosis frogs. One possible way of improving the habitat quality at Pukeokahu would 
be to increase the number of retreat sites, for example, by adding ponga or piles of stones 
from nearby sites. This should help prevent desiccation, especially in smaller frogs (SVL < 
23 mm). 
Regrettably, the selection of translocation release sites has often been assessed 
intuitively rather than within an explicit, and ideally, quantitative approach (Osborne and 
Seddon 2012). Some failed translocations of Leiopelma species have had poor, or non-
existent, habitat assessment (e.g. those carried out at Long Island and ‘Zealandia’ [Bell et al. 
2010]). Therefore, it is hoped that in the future, animals will not be released in a new site 
without extensive evaluation of habitat quality (Lomolino and Channell 1998). 
Habitat quality is organism-specific and relates to the sum of the specific resources 
that are needed by the organism, including migration and dispersal corridors and the land 
animals occupy during breeding and nonbreeding seasons (Hall et al. 1997). For terrestrial 
anurans, such as L. archeyi, high-quality habitat possesses moist or humid sites, and plenty of 
retreats during cold or dry seasons (Dodd 2010). Newman et al. (1978) observed that the 
environmental conditions that allow the persistence of L. hamiltoni on Stephens Island were 
the combination of suitable site altitude and topography (macrohabitat), and suitable 
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microhabitat conditions present 0.5 m below the soil surface. It is suggested that in order to 
improve translocation success for Leiopelma species, it is essential to include microhabitat 
assessments when analysing the suitability of new areas.  
Further research is needed to assess habitat elements that are important for L. archeyi, 
but were not included in this study. In particular, abundance of invasive predator species is a 
recognised threat for this species (Bishop et al. 2013). In the donor population of the frogs 
translocated to Pukeokahu, predator species negatively affect recruitment (Pledger 2011). 
In summary, Pukeokahu has suitable habitat for L. archeyi, but of a different quality 
than that of the donor site (Whareorino). Lower levels of humidity were observed at 
Pukeokahu, for both, air and retreat sites. Furthermore, Pukeokahu presents lower values for 
canopy coverage, coverage of bryophytes on trunks, air relative humidity and relative 
humidity inside a retreat. Importantly, the results of this study showed that the 2006 fence 
was key for vegetation regeneration, as it is observed in the understory structure vegetation 
between inside and outside the herbivore-resistance fence after 10 years of installation. 
Therefore, it is expected that the positive impact on habitat quality due to the 2006 fence will 
be repeated inside the 2016 extension of this fence. This situation illustrates that habitat 
should not be understood as a static natural condition, rather a naturally dynamic ensemble of 
biotic and abiotic elements that are prone to change faster under management actions (Babbitt 
et al. 2010).  
The results from this study integrate biotic and abiotic components in order to analyse 
the habitat of a terrestrial amphibian species. The idea of measuring one of the components 
(bryophytes cover) was suggested by a conversation that the author had with the tangata 
whenua (people of the land) during monitoring work at Whareorino. This monitoring work 
was also used as an activity of a partnership developed between the author and tangata 
whenua related to L. archeyi in the King Country. The following chapter describes this 









Bicultural partnership for the translocation management of 
Leiopelma archeyi in the King Country  
	
 
6.1. Introduction  
 
Partnerships with local communities for the management of local natural resources 
are increasingly recognised and encouraged as important conservation tools (Alcorn 1993; 
Redford et al. 2018). It is true that human behaviour poses a fundamental threat to 
biodiversity preservation, but at the same time, it is only people that can act to reduce this 
threat (Soulé and Orians 2001). Therefore, engaging with stakeholders (e.g. local 
communities, rural peoples, and indigenous peoples) remains essential to achieve 
sustainability in long-term conservation initiatives (Marra 2000).  
Effective engagement with stakeholders is not always easy, but understanding the 
social context influencing community conservation behaviours of the community is essential 
(Waylen et al. 2013). Differences between world-views, and conflict between identities have 
been identified as challenges for partnerships between secular conservation organisations and 
religious groups (Bhagwat et al. 2011). Similar difficulties may often arise in cross-cultural 
partnerships between indigenous peoples and governmental agencies and/or researchers that 
follow a ‘western conservation paradigm’ (Berkes 2012). For cross-cultural partnerships, it is 
essential to acknowledge and restructure any asymmetries in the power relationship. One 
example concerns the management of a National Park in Argentina and the local Mapuche 
people. As the first step for effective co-management, Trentini (2011) advocated restructuring 
the institutional asymmetries of power between the state and a Mapuche community, as there 
was a bias in the state institutions towards scientific western perspectives in making 
conservation decisions. National Parks in New Zealand face similar difficulties with the local 
Māori people. Ruru (2008) described a gap between the narrative of reconciliation and the 
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materialisation of a re-imagined place, mainly because there is acceptance of past Māori 
association with place but resistance to present Māori desires to reconnect to that place.  
The western tradition of conservation is based on the ‘preservation’ and ‘setting aside 
of land’ for the purpose of maintaining its intrinsic values (Ruru et al. 2017). This perspective 
is usually framed within a regulatory approach that has often encouraged the belief that to 
pollute is a right, unless explicitly forbidden by law (Marra 2000). On the other hand, 
indigenous perspectives on conservation generally emphasise a human-nature immersive 
understanding where interaction between people and their relations, the flora and fauna 
occurs. Harvesting of ‘resources’ is an essential part of this framework, and thus, there is an 
inherent responsibility to ‘guard’ them for present and future generations (Borgerhoff and 
Coppolillo 2005; Whaanga and Wehi 2017). To bridge the gap between western and local 
indigenous perspectives on conservation, a shift from indigenous peoples as ‘other’ to co-
managers of biodiversity conservation is a positive sign, but not enough (Ruru 2008). This 
would require adopting a cross-cultural concept of conservation, in which similar 
conservation outcomes could be agreed on, even though the motivations and ethics that led to 
these actions might differ (Berkes 2012). As explained by Benton-Banai (1988) in relation to 
the Ojibwe people (indigenous from North America) worldview, different groups of people 
might speak different languages, but no one is better than another; therefore, it is essential to 
respect and honour this diversity, so then “the teachings of one tribe will shed light on those 
of another” (p. 4).  
Mishra et al. (2017) recognised the struggles and opportunities of developing genuine 
partnerships based on 20 years of fieldwork and community experience in researching the 
endangered snow leopard Panthera uncial in South-Central Asia. These authors defined eight 
principles for community-based conservation – PARTNERS: Presence, Aptness, Respect, 
Transparency, Negotiations, Empathy, Responsiveness, Strategic support. Mishra et al. 
(2017) concluded that in most cases it is not appropriate or realistic to simply impose science 
or policies on a local community. Instead, a more effective approach comes from a long-term 
engagement that builds trust and mutual respect (Mishra et al. 2017). Working in Australia, 
Ens et al. (2015) summarised seven key principles for effective cross-cultural collaboration:  
 
• Cross-cultural awareness and sensitivity  
• Respectful consultation and partnerships from project conception to 
completion and communication 
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• Enough time and adequate resources to discuss, consult and conduct the 
work
• Legal advice on Intellectual Property rights  
• Prior informed consent of all people involved  
• Equitable remuneration and acknowledgement of Indigenous collaborator’s 
time and knowledge 
• That the principles of the United Nations Declaration of the Rights of 
Indigenous peoples and the Australian Institute for Indigenous and Torres 
Strait Islander Studies (AIATSIS) guidelines for research with Indigenous 
people’s will be followed.  
 
In addition to the PARTNERS principles mentioned above, Ens et al. (2015) 
recommended that conservation initiatives allow enough time for discussion, consultation and 
obtaining legal advice on property rights. 
In New Zealand conservation policies and practices, the indigenous Māori people, or 
tangata whenua (people of the land) (Glossary of Māori terms available in Appendix I) are 
partners with the Crown in decision making, and the management of taonga (treasure) species 
(2nd Principle of the Treaty of Waitangi; Conservation Act 1987; Management Resources Act 
1991). However, incorporating indigenous beliefs and practices in a true co-management has 
often proved problematic (Tipa and Welch 2006; Wehi and Lord 2017). For instance, James 
(1991) reported on how the worldview and aspirations of Māori have been significantly 
under-represented in relation to the management of Te Waihora (Lake Ellesmere). In 
particular, the quality and intent of the consultation process have been criticised (Coombes 
and Hill 2005; Tipa et al. 2009). It has been suggested that Māori find it difficult to 
communicate their conservation perspective to western-trained scientists (Roberts et al. 
1995), and in general there have been problems in communication between western scientists 
and other cultural perspectives (Berkes 2012).  
Despite these difficulties, there have been successful partnerships in New Zealand 
between western-trained, salaried scientists and/or researchers (hereafter simply referred to as 
‘researchers’) and whānau (family group). These partnerships have attempted to combine 
both visions into the sustainable management of particular species. For example, a 
partnership between researchers and the ‘Rakiura Titi Islands Administering Body’ 
determined the sustainable level of traditional harvest of tītī Puffinus griseus (Moller et al. 
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2009). After 15 years of partnership, these authors concluded that trust between parties, 
equitable decision-making responsibility, and effective science communication are core 
conditions for community engagement (Moller et al. 2009). Further examples concern the use 
of a particular species’ mātauranga Māori (Māori knowledge) to establish past geographical 
distribution (e.g. of tuatara Sphenodon punctatus, in Ramstad et al. 2007; of fur seal 
Arctocephalus forsteri, in Watson et al. 2015) or other ecological information (e.g. of 
harvesting patterns of harakeke Phormium tenax, in Wehi 2006). 
In comparison with some other species, there are few references in the scientific 
literature regarding Māori knowledge of native frogs. These are mainly in reports by early 
European researchers of frogs names and characteristics (for example, Thomson 1853; Smith 
1921; Graham 1924). However, there are two key deficiencies in the historical reports that 
impact their reliability: (i) none refer to a specific group, i.e. hapū (subtribe) or iwi (tribe), 
and (ii) none describe perspectives on frogs with clear voices from the Māori community. 
More recently, Bell (2007) highlighted the need for clarification of Māori names of 
native and introduced frogs, and Bishop et al. (2013) also noted that native frogs are an 
important taonga to whānau/hapū/iwi, reporting three te reo Māori (Māori language) names 
for Leiopelma species. 
 
6.2. Aim of this study  
 
The aim of this study was to analyse a partnership developed between tangata whenua 
and researchers for a translocation project of Leiopelma archeyi frogs in the King Country, 
Waikato Region, New Zealand (see Chapter 1). This analysis includes a comprehensive 
review of the cultural connections of tangata whenua with frogs, along with a detailed 
description of the partnership process. The purposes were to document and clarify different 
perspectives on conservation, and to highlight opportunities that are in the common interests 
of all partners.  
At a local scale, this study provides recommendations for a culturally-respectful 
interaction between western-trained conservationists and New Zealand iwi. On a global scale, 
this is an example of community involvement that accounts for the complexity of integrating 









This case study follows a qualitative research tradition, in which the researcher, along 
with his or her personal experiences, plays a central role in interpreting the meaning of what 
is observed. Results and discussion are presented in a narrative form, and quotations are used 
to illustrate and support the descriptive explanations and the ideas that emerged from the 
analysis. A qualitative research design was deemed a more appropriate method to explore, 
describe, explain and understand cross-cultural partnership (Cresswell 2013).   
Explanations and definitions of complex matters in this study represent the author’s 
tentative understanding. Most of these explanations are complemented with quotes from the 
whānau members involved in this case study recorded during the partnership encounters (i.e. 
interview answers), or with personal observations of the author (see text below).  
Results and discussion are presented together in each of three sections: the cultural 
connections of Māori with frogs, the partnership in this case study, and the compatibility 
between conservation and kaitiaki (guard, custodian). 
 
6.3.1. Case study context 
 
The context of this case study concerns a partnership developed for the translocation 
of frogs (Leiopelma archeyi) from Whareorino to Pukeokahu in 2016 (Chapter 1). Tangata 
whenua were represented by Ngāti Peehi and Ngāti Te Kanawa for the frogs in Whareorino, 
and Te Hau Kainga o Pureora for the frogs in Pukeokahu. Western-trained frog researchers 
were affiliated with the University of Otago. The translocation project was coordinated by 
Auckland Zoo and DOC (Department of Conservation, New Zealand), and personnel of both 
institutions also participated during this partnership (at least in part of it; see more details in 
Results). The objective of the partnership was to facilitate a translocation process that 
incorporates a Māori worldview and the mana whenua (territorial rights) for this taonga. 
 
6.3.2. Te reo Māori names for frog from written sources 
 
A search te reo Māori names for frogs was conducted using two types of sources: (i) 
scientific and/or outreach publications related to New Zealand frogs Leiopelma spp. from 
1853 to 2017, and (ii) references in www.maoridictionary.co.nz using the word ‘frog’.  
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6.3.3. Interviews and ethnographic observations  
 
Semi-structured interviews were carried out with mana whenua representatives 
designated by each whānau (three representatives of Ngāti Peehi and Ngāti Te Kanawa; and 
four representatives of Te Hau Kainga o Pureora). Although the original focus of these 
interviews changed as described below, the reflections of whānau about this partnership are 
useful for this study. The list of questions asked is given in Appendix J.  
Ethnographic observations were recorded by the author after every meeting-encounter 
with whānau between October 2015 and June 2018. These observations focused on 
descriptions of these encounters (i.e. protocols, agenda) and notable phrases, actions or 
attitudes expressed by the whānau as perceived by the author.  
The research that involved human participants was conducted with permission from 
the University of Otago Human Ethics Committee (HEC 15/132).  
 
6.3.4. Decolonising process of the research and ethical considerations  
 
The author’s research ideas incorporated in this Chapter underwent a discernible 
process of decolonising that triggered the reflective methodologies adopted and adapted in 
this thesis. Research training at universities draw heavily on western European and North-
American institutional and theoretical frameworks (Stokes 1987). Basically, there has been a 
significant paradigm change between the beginning of the author’s thesis and today. The 
author’s original idea of iwi involvement entailed her interviewing members of the iwi and 
interpreting their answers about the mātauranga Māori of frogs. To do this, the author needed 
to ask people whom she had never met before to speak to her, in front of a recorder, and share 
their spiritual world. This is not a trivial thing to share with any stranger. At the end of the 
research, the author focused in the opportunities of collaboration and cooperation from each 
one set of skills (see Results and Discussion). 
The author was fortunate enough to have time to spend with the whānau, so the two 
parties could get to know each other. This time together allowed trust and understanding to 
develop. At the end of the research, the relationship became a central point of the research 
analysis, as shown in the organisation and planning of the final visit of the author to the area 
(see Results and Discussion). 
Texts on these topics that proved especially valuable include Decolonizing 
methodologies: research and indigenous peoples by Linda Smith (1999); and Sacred Ecology 
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by Fibret Berkes (2012). Researchers who mentored the author on these topics included 
Priscilla M. Wehi, Anne-Marie Jackson, and Hēmi Whaanga. 
The cultural background of the researcher played a central role in qualitative research. 
In this case, the author is a Chilean woman who has been working on amphibians and 
amphibian conservation since 2004. This work has emphasised the importance of connecting 
people with frogs, and has developed several science projects in remote rural places in Chile 
(e.g. Cisternas and Marquez 2011, Cisternas et al. 2014). Due to her background, Māori 
cultural values (after Smith 1999) such as aroha ki te tangata (a respect for people), kanohi 
kitea (presenting oneself to people face to face), manaaki ki te tangata (hosting people and 
sharing with them) and kaua e mahaki (‘don’t flaunt your knowledge’), were naturally 
aligned with her previous cultural experiences. 
 
6.4. Results and discussion 
 
6.4.1.  Cultural connections of Māori with frogs  
 
6.4.1.1.Te reo Māori words for frog  
 
The whānau members interviewed used the word ‘poroka’ for any frog both the 
Australian introduced frog species (Litoria spp.) and New Zealand native frogs (Leiopelma 
spp.). Another nine words for frog were found in a variety of written sources (N = 21), 
including scientific papers, field-guide books, children’s storybooks in English and te reo 
Māori, te reo Māori-English dictionaries and Māori newsletters (Table 6.1). None of these 
other nine names were recognised by the whānau spoken with in this study. This may be due 
to differences in local dialects, although there are other potential explanations. 
 
We’ve actually known the frogs, any frog that we’ve seen, as poroka… I’m not being 
disrespectful to others but probably other Māori iwi use those [other te reo names used 
for frog shown in Table 6.1] in their dialect.  (Interviewee 1) 
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Table 6.1. Te reo Māori words found for frog in different written sources: 1Field guide, 2Scientific literature, 3Te reo Māori-English dictionary, 
4Children story book, 5Māori newspaper. 
Te reo Year Author(s) Geographic area Translation or extended meaning 
referred by each author 
Species 
Kaui turehu 2008 Morris and Balance1 Not specified To dance like a gnome L. hochstetteri 
Kuri-peka 2008 Morris and Balance1 Not specified Jumping dog L. hochstetteri 
Kuri-peke 1924 Graham2 Moehau ranges Mōkai of Patupaiarehe Leiopelma spp. 
Ngaikura 2008 Morris and Balance1 Not specified Little red men  L. hochstetteri 
Peketua 2013 Bishop et al.2 Not specified Little people of the forest Leiopelma spp. 
2018 Moorfield3 Northern North Island Not specified L. hochstetteri 
Pepeke 1957 Williams3 Not specified Not specified L. hochstetteri 
2013 Bishop et al. 2 Not specified Little people of the forest Leiopelma spp. 
2018 Moorfield3 Northern North Island Not specified L. hochstetteri 
Pēpeke 1997 Crowe and Campbell4 Not specified Not specified Leiopelma spp. 
Pepeketua 1957 Williams3 Not specified Not specified L. hochstetteri 
2013 Bishop et al. 2 Not specified Little people of the forest Leiopelma spp. 
2015 Barraud and Candler4 Not specified Not specified Leiopelma spp. 
2018 Moorfield3 Northern North Island Not specified L. hochstetteri 
2018 Moorfield3 Northern North Island Not specified L. hochstetteri 
Poraka 1903 Te Pipiwharauroa5 Not specified Not specified Leiopelma spp. 
1921 Smith2 Tokatea  Not specified cf. L. archeyi 
1987 Heremia and Lowman4 Most areas, but Tainui Not specified cf. Litoria spp. 
2018 Moorfield3 Not specified Not specified Litoria spp. 
Poroka 1887 Popi4 Not specified Gave notice that he could cure all diseases cf. Bufonidae 
1987 Heremia and Lowman4 Tainui Not specified cf. Litoria spp. 
2018 Moorfield3 Not specified Not specified Litoria spp. 
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The oldest reference found for poroka corresponds to a European fable translated to te 
reo Māori as part of educative material used in native schools (Popi 1887). Therefore, poroka 
is the word used for L. archeyi by the whānau in the King Country, and is probably a word 
used in other areas from at least the late1800s.  
Most of the written sources included in Table 6.1 did not refer explicitly to the area 
where the reo Māori word was used (N = 16). In order to determine te reo Māori names for 
native species more thoroughly, it would be necessary to investigate the terms used in the 
Coromandel and North of the North Island areas to confirm the names used by Smith (1921), 
Graham (1924) and Moorfield (2018) (see Table 6.1).  
 
6.4.1.2.Whakapapa and kaitiakitanga: key concepts in Māori perspectives on conservation  
 
The terms ‘whakapapa’, ‘kaitiakitanga’ and ‘taonga’ are often roughly translated as 
‘genealogy’, ‘act of guardianship’ and ‘treasure’ respectively (Roberts et al. 1995). To 
involve Māori perspectives on conservation in a culturally appropriate way, some cautions 
are discussed below. Each iwi has its own distinctive history, although there is a recognisably 
similar perspective among iwi (Roberts et al. 1995). 
Māori customs, values and attitudes derive from a body of knowledge that aims to 
explain the origin of the universe (Roberts et al. 1995). As summarised in Roberts et al. 
(1995), from Te Kore (the realm of potential being), arose Te Po (the darkness) and Te Ao 
Marama (the world of life and light). Then, Io (supreme being) created the ancestor of Rangi 
(atua [god, ancestor] of the sky) and Papa (earth), from whom descended many offspring. 
Humankind was created from the whenua (land) of Papatūānuku (Earth mother and wife of 
Rangi-nui) and imbued with the mauri (life principle) of the gods. Therefore, everything in 
the universe has its own whakapapa and all things are related via the gods to Rangi and Papa.  
There is a traditional relationship between Māori and land, expressed in the concept 
ngā tikanga whenua (the correct thing to do with the land) (Robert et al. 2015). Humans are 
the offspring of mother Papatūānuku and, as every son, have social obligations towards their 
parents, siblings and other members of the whānau, to promote their welfare (Marsden and 
Henare 1992). This implies that humans are a part of nature; they belong with all other 
things, animate and inanimate. Yoon (1986) called this the ‘environmental family’ (see also 
Figure 1 in Roberts et al. 1995).  
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[The frogs] are like us, they live on the land and off the lands, … they’re living and 
breathing like us, so we all must be connected in one way or another.  
  (Interviewee 3). 
 
The original gods/guardians/kaitiaki include the many children of Rangi and Papa. 
Kaitiaki is a word derived from the verb “tiaki” with the prefix “kai” denoting the doer of the 
action of guarding (Roberts et al. 1995). As explained by C. Kirkwood (in Roberts et al. 
1995), kaitiaki is a word imbued with meaning. It encompasses atua, tapu (sacredness) and 
mana (prestige, authority, spiritual power) and involves whakapapa and tika (correct things). 
In Māori beliefs, everybody on the planet has a role to play as a guardian, but the word 
kaitiaki (according to C. Kirkwood) should only be used in reference to a Māori person, 
because it literally means looking after one’s own blood and bones.  
 
I think it is just exciting to know that they [the frogs] are there, and you do feel 
connected. You do feel they are a special creature. I was aware [through experience in 
monitoring activities], it wasn’t just a frog. It’s something more special, … could be 
part of our history, a part of our genealogy, part of who we are … a definite connection. 
 (Interviewee 6). 
  
For Māori, whanaunga (relative) and tūpuna (ancestors) include the plants and 
animals, rocks and trees, because they are all descended from Papatūānuku. Therefore, 
Papatūānuku is kaitiaki for Māori people and they, in turn, are hers.     
 
Everything in that forest [Pureora Forest Park] is taonga, …, just because we don’t eat 
it, … most of the things in the forest, we only live to look after this. So if [you] look 
after the forest, it’ll look after you.  (Interviewee 2). 
 
In summary, frogs are clearly articulated in a Māori world-view for some iwi as part 
of their whakapapa, thus part of the family, together with an explicit responsibility of kaitiaki 
with mother Earth and the future generations. 
 
6.4.1.3.European researchers report at early colonisation times  
 
Thomson (1853), a surgeon in charge of gold-mining activities in the Coromandel 
who was given the first pair of frogs taken to Europe (later described as Leiopelma 
hochstetteri), recounts that the Māori people to whom the frog was shown said it was the atua 
(ancestor with continuing influence), “spirit or god of the gold” (Thomson 1853 [reprinted 
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1920, p. 221]), but did not have a name for it. A second reference is found in Smith (1921); 
the author relates that in his work as surveyor in the Coromandel, he found some native frogs 
under stones and when he showed them to the Māori people accompanying him, they did not 
recognise the frogs, but said they were poraka (frog, but see Table 6.1). In contrast, Graham 
(1924) wrote, based on the story told by the Māori guide that was accompanying him when 
they found a frog (most likely L. archeyi) in the Moehau Ranges on 1864: 
 
While on these ranges we saw a number of the small native frogs (which old Hapi 
called “Kuri-peke”), and said they were the “mokai” or pets of the Patu-pai-arehe, and 
acted as sentries for their masters.  (Graham 1924, p. 210). 
 
6.4.2. Local history of tangata whenua with frogs  
 
6.4.2.1.History of Ngāti Peehi and Ngāti Te Kanawa with poroka in Whareorino  
 
It is unclear to the whānau today whether or not their elders were aware of L. 
archeyi’s existence, but for the whānau now, this frog is taonga.  
 
Now that we know the type of frogs that we’re dealing with, they’re really a taonga as 
far as we’re concerned, the Māori people. … [it] is only this generation, I think that’s 
really interested in frogs, like I said before, when we were growing up with our elders, 
they sort of never, ever mentioned it and whether they were aware they were there or 
they didn’t know anything about it at the time, I couldn’t say. But to us now, the 
majority of the family now, we’d class it as a taonga, which is a gift.  (Interviewee 1).  
 
There is one reference to earlier knowledge of frogs. This is a song that the elders of 
Kiritehere beach area used to sing:  
 
‘Another poroka jumps upon another poroka’s back’ and then repeat from there. 
(Interviewee 1). 
 
In the scientific literature, L. archeyi was first reported for Whareorino only in 1991, 
when the frog was discovered accidentally during the construction of a forest track (Thurley 
and Bell 1994). Ngāti Peehi and Ngāti Te Kanawa are tangata whenua in this area. One 
member of this whānau was present during the discovery of L. archeyi in the Whareorino 
area as part of the team of DOC workers. This information came from an informal 
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conversation on October 18th, 2016, between the author and whānau present at the 2016 
release of frogs. 
Since 1991, DOC and researchers have approached the whānau multiple times as part 
of the consultation process required in the permit for the study of this taonga in Whareorino.  
  
We went [c. after the frog’s discovery] with DOC and scientists … from the University. 
They came up and we had to look for a frog with them, and they only got one but they 
took it with them. Because they had never seen it … They’re only little … Like a 
fingernail … They were saying, don’t stand over there … just walk around. 
 (Interviewee 3). 
 
On three occasions, this whānau has been consulted for permission to remove frogs to 
benefit the preservation of this species. First, in 2002 a researcher from the University of 
Canterbury, successfully requested the collection of 50-52 specimens to study the species 
under laboratory conditions. These frogs were part of the animals used to develop the 
individual identification system using natural marks (after Bradfield 2004), widely applied in 
L. archeyi capture-recapture monitoring (e.g. Haigh et al. 2007a). After a couple of years in 
captivity at the University of Canterbury, the remaining live frogs were relocated to 
Auckland Zoo’s newly formed Carter Holt Harvey Native Frog Research Centre in 2004 
where these frogs became the founding individuals of a captive breeding population (P. 
Bishop pers. comm. November 20th 2018). Members of the whānau have an excellent 
memory and recall these events and their encounters with frogs precisely.  
 
I’ve seen frogs [L. archeyi] before, when they brought them back up from down 
Christchurch, back to the Zoo. I went up there with one of the DOC managers in town 
to meet the family up there [Auckland Zoo].               (Interviewee 1). 
 
In 2006 and 2016, 100 and 80 frogs, respectively, were collected to support two 
management actions: to establish a new wild population in Pukeokahu and to supplement the 
captive population kept at Auckland Zoo. P. Bishop, Otago University, has maintained a 
relationship with the Whareorino whānau since 2011. On June, 4th, 2011, P. Bishop contacted 
the iwi to request permission for euthanize an injured captive frog that tested positive for 
chytrid, was missing one leg and acquired bone metabolic disease in the lab. Whānau 
travelled to Auckland to attend this moment and offered a karakia (recite a prayer). On 
November 12th, 2011, whānau from Kiritehere, DOC and P. Bishop visited the frogs in 
Whareorino forest (Figure 6.1A).  
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The whānau members interviewed believe that the frogs are protected where they are 
now. This idea coincides with the natural resilience of this population of frogs, but it also 
shows the connection, that for Māori people, the frogs have with the land.  
 
[Whānau ideas for looking after the frogs] keep protecting them [the frogs] leaving 
them in their natural habitat, trying to keep it pest free, what you [DOC and 
researchers] are doing more or less at the moment.  (Interviewee 4).   
 
[Whānau ideas for looking after the frogs] What’s wrong with them [the frogs] as they 
are? … to me, I can’t see it being any different. As long as they’re where they are, 
they’re safer … Just carry on the way they’re carrying on, just makes it easier. You 
started it, so just go until such time that they hand it over … but we’ll follow it through 
as we go.  (Interviewee 1). 
 
6.4.2.2.History of Te Hau Kainga o Pureora with poroka in Pukeokahu  
 
There is no evidence that L. archeyi occurred in the Pukeokahu area before the first 
translocation of the species there in 2006 (see Chapter 5), and so the kaitiaki role of this 
whānau began at this time. (see Chapter 1).  
 
Prior to Archey’s and Hochstetter’s, a frog was a frog. We didn’t know about native 
frogs at all. The only frog we knew was the green one that swims around and croaks 
in ponds [Litoria spp.].       (Interviewee 7).   
 
A formal relationship between the whānau and frog researchers started only in 2015. 
At this time, the whānau was invited by the author to collaborate in the monitoring work 
carried out annually at Pukeokahu (see text below). This invitation was repeated in 2016, and 
the collaboration is remembered as a positive experience by the whānau members involved. 
 
I’ve encountered a small frog, it certainly has changed my look within the forest. You 
know, because they [the frogs] are so tiny, it’s just unbelievable that they don’t move 
very far and where they come out at night, …, I never seen such a small frog in the 
bush in all my life and it certainly makes you feel a little bit more careful of where 
you’re walking.        (Interviewee 6).  
 
For many of the whānau involved in monitoring, this was their first opportunity to 
meet with this species of frog, and this was recognised as an exciting experience. 
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Pukeokahu [2015 monitoring session] was our first wonderful experience of seeing 
Archey’s frog. Our very first.  (Interviewee 7). 
 
The first time I spotted one, I felt like wow, this is it!  (Interviewee 5).  
 
At the point of writing, the whānau continues collaborating with DOC in the annual 
monitoring of frogs carried out in Pukeokahu. 
 
6.4.3.  Case study partnership  
 
6.4.3.1. Organisational and operational components   
 
This case study partnership is based on 12 face to face encounters between whānau 
and the author held between October 2015 and June 2018 (Table 6.2). Beside these 
encounters, communication between the participants was conducted according to whānau 
preferences. Most of the members preferred e-mail and phone contact. One whānau member 
had neither mobile phone reception nor internet, and so a landline phone and the postal 
service were preferred. 
Three types of activities were carried out to help build the relationship and encourage 
the exchange of knowledge: visits to the whānau, visits to the frogs, and a hui (work meeting) 
(Table 6.2). For visits to the whānau, the author created a set of educational materials (a 
drawing story, and booklets with pictures and key biological facts [see Appendix K]). The 
educational material was perused and discussed while sharing a meal (Figure 6.1B and C). 
When visiting the frogs, whānau would be invited to collaborate with monitoring 
duties. Whānau from Kiritehere (Figure 6.2) accompanied researchers on February 2016 to 
monitor oviposition sites inside ponga (stumps of tree-ferns) in the northern area of 
Whareorino (Figure 6.1D). The whānau in Pureora started helping in the annual monitoring 
organised by DOC in Pukeokahu in 2015 (Figure 6.1E).  
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Table 6.2. Activities carried out to facilitate the partnership. Activities marked with * or ** included participation from other stakeholders and 
practitioners, either organizing, facilitating and/or attending the activity (i.e. DOC staff*, DOC and Auckland Zoo staff**). Researchers refers to 
the professors and students associated with the University of Otago (including the author). 
Date Type Details Locality 
October 2015 Researchers visit 
whānau 
Researchers shared frog knowledge. We all shared food.* Kiritehere 
November 
2015 





J. Cisternas asked an elder cultural questions and shared a cup of tea Kiritehere 
February 
2016 
Monitoring Whānau met with J. Cisternas and shared a meal, then whānau accompanied researchers to 
check oviposition sites.* 
Whareorino 
July 2016 J. Cisternas visits 
whānau 
J. Cisternas asked a member of the whānau cultural questions and shared a cup of tea Pureora 
September 
2016 
J. Cisternas visits 
whānau 
J. Cisternas coordinated visit of DOC to the whānau * 
 
Kiritehere 
October 2016 J. Cisternas visits 
whānau 
Release of frogs in Pukeokahu. Karakia was done at Te Kuiti DOC office prior to frog 




Monitoring Whānau collaborated in the monitoring.** Pukeokahu 
May 2017 Researchers visit 
whānau 
Researchers shared frog knowledge, J. Cisternas asked cultural questions to elder and other 
members of the whānau. Everyone shared food. 
Kiritehere 
May 2017 Researchers visit 
whānau 
Researchers shared frog knowledge and a cup of tea with members of the whānau. Otorohanga 
October 2017 Researchers visit 
whānau 
Researchers shared frog knowledge and a cup of tea with members of the whānau. Pureora 
June 2018 Hui to share thesis 
results 
J. Cisternas gave a talk summarising her thesis results.** Te Kuiti 
 





Figure 6.1. Activities carried out between whānau and researchers. A) Researcher (P. Bishop 
[PB]) visited Whareorino with whānau (November 2011). B) Researcher (J. Cisternas [JC]) 
showing booklets to whānau (Pureora, October 2017). C) Researchers (L. Easton [LE], N. 
Longnecker, PB and JC) visit whānau (Kiritehere, October 2015). D) Researchers (LE and 
JC) monitor frogs with whānau (Whareorino, February 2016). E) Researchers (LE and JC) 
monitor frogs with whānau (Pukeokahu, November 2016). F) Hui to discuss J. Cisternas’ 
research results (Te Kuiti, June 2018). 




Figure 6.2. Localities visited during the partnership (black dots).  
 
The final formal activity of this partnership encapsulates all the findings during the 
process as an example of how to do partnerships in New Zealand. The hui was organised by 
the author in consultation with all the parties involved. The hui was held in Te Kuiti on June, 
30th 2018, and was attended by stakeholders and practitioners associated with the 
conservation of L. archeyi in the King Country. Those present included: mana whenua of 
Whareorino and Pukeokahu, staff from DOC (three people from Te Kuiti office and the 
leader of the Frog Recovery Group), the curator of the captive population of frogs at 
Auckland Zoo, and researchers associated with the study of native frogs (Professor Bishop, 
the author and other postgraduate students from the University of Otago [LJE] and from 
Massey University [EH]) (Figure 6.1F). The author sent formal invitations to ensure 
representation of both groups in the hui. Special attention was given to find a speaker to open 
the meeting, in order to do a formal welcoming process and karakia previous to a shared 
lunch. 
The main purpose of this hui was to discuss the findings of the PhD research 
presented in Chapters 2 to 5 of this thesis. However, the most significant aspect of the hui 
was not related to the presented biological information discussed, but with the fact that this 
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was the first official opportunity for both whānau to meet, even though two translocation 
releases had already been carried out. Because of this, whānau were specifically asked about 
the tikanga (Māori cultural protocols) to follow.  
In order to encourage continuity of the benefits achieved with this partnership, the 
three types of activities were designed to include and engage tamariki (children). It is 
expected that after this partnership, the relationship between these whānau and the University 
of Otago will continue. 
  
You might end up finishing and somebody else comes in, well, we’ll still have to go 
along the same road.  (Interviewee 1). 
 
6.4.3.2. The flow of knowledge 
  
This partnership offered an opportunity for whānau to encounter the frogs and build 
on this connection. Furthermore, every activity carried out during the partnership contributed 
to expanding all parties’ knowledge. 
 
The scientists we’ve met had [shared] a whole new wealth of what’s been unknown to 
us … It’s all very common-sense and logical talk … it just makes so much sense, … 
and it all directs back to conservation and preservation which is what we, as kaitiaki, 
believe in.  (Interviewee 7).  
 
 
During this knowledge-sharing between Māori and non-indigenous researchers, the 
whānau made two explicit contributions by these whānau that impact the author’s PhD 
research questions. 
The first contribution came in February 2016 when three representatives of hapū 
Ngāti Peehi and Ngāti Te Kanawa, one botanist and two zoologists from the University of 
Otago and one representative of DOC visited oviposition sites in Whareorino Forest.  
 
As we were walking there, we were also talking and touching the plant diversity that 
covers the trunks of almost every tree in that forest. At some point, one of the 
representatives of the hapū highlighted the fact that the humidity felt in those plants 
was different at different positions on the trunk (suggesting a humidity effect 
influenced by the proximity to the ocean).   
 (J. Cisternas ethnographic observation February 7th 2016). 
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A higher density of trunk bryophytes is often related to higher humidity, and humidity 
is a key environmental variable for frogs. Thus, following the suggestion, the habitat studies 
developed in this thesis to assess the quality of Pukeokahu as a translocation site, compared 
the coverage of non-vascular plants on trunks at Whareorino (collection site of frogs) and 
with that at Pukeokahu (release site of translocated frogs). The results (see Chapter 5) showed 
a higher proportion of non-vascular plants on the trunks measured in the donor site than in 
the released site. This result is notable as it is consistent with the measurements of relative 
humidity carried out at both sites. Thus, the idea of measuring bryophyte coverage on trunks 
proved to be useful in determining habitat quality for this terrestrial amphibian.  
The second explicit contribution of the whānau to the research in this thesis relates to 
the assessment of frog monitoring results obtained in Pukeokahu. A participatory monitoring 
was carried out in 2015 (34 participants) and 2016 (21 participants) to address the issue of 
spatial variability in demographic estimates of frogs calculated from monitoring data. One 
member of the whānau noted that a large number of participants allowed the search of a 
bigger area but also increased the risk of frogs being trampled.  
 
… encountered with a small frog, it certainly had changed my look within the forest, 
because they are so tiny, …, they [the frogs] come out at night, it’s just unbelievable. 
I have never seen such a small frog in the bush in all my life and it certainly makes 
you feel a little bit more careful of where you’re walking.  (Interviewee 6). 
 
The herbaceous plant cover is very high inside the herbivore-protective fence installed 
to protect the frogs in Pukeokahu (see Chapter 5), and at night it is not easy to see clearly 
where you are stepping (especially if you are not experienced in finding frogs, as were many 
volunteers invited to assist with the monitoring). Finally, the different monitoring procedures 
were assessed quantitatively. The results showed that it was not necessary to have large 
parties involve, as long as the search area was extended from 100 m2 to 280 m2, which is 
manageable for four to six people (see also Cisternas et al. 2017, and Chapter 3).  
 
6.4.3.3.Whānau empowered in their relationship with DOC 
 
The development of this partnership benefitted the relationship between these whānau 
and researchers, but also the relationship between these whānau and DOC, given that DOC 
Te Kuiti personnel had a recurrent participation within this process (see Table 6.2).  
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Te Hau Kainga o Pureora has a relationship with DOC Te Kuiti since before the work 
with frogs, collaborating in the monitoring work of birds, bats and other taonga. Yet, there 
was no precedent of collaborative work with frogs. Since the monitoring organised by the 
author in 2015 and 2016, this whānau now collaborates annually in the frog monitoring 
carried out at Pukeokahu.  
The whānau expressed no concerns with DOC or researchers, as long as they 
maintained communication for the duration of the process.  
 
[suggestion for future management]  
No, as long as we are all on board and we all know what is happening, like the whānau 
and the University and everyone, should be all good, because it is pretty good 
management [Whareorino DOC management] as it is now.  (Interviewee 3).   
 
6.4.4. Compatibilities in the bicultural partnership 
 
Māori tikanga and the western conservation vision of protecting species are 
compatible, as shown by the following ideas: 
 
Idea 1: Frogs are taonga for whānau. They feel connected with the frogs as part of 
their history and genealogy, and hence as part of who they are. That mana whenua kaitiaki 
this taonga entails a responsibility to honour the welfare of the frogs. Therefore, there is no 
need to create awareness in the whānau about the importance of this species of frog. 
 
You don’t need to come to tell us to care about the frogs, you just need to tell us how to 
do it.  (J. Cisternas ethnographic observation June 30th 2018). 
 
Idea 2: Mana whenua commitment is long-term, because it is not about what do we 
do today, but is more about what will be left for the next generations. Whānau acknowledge 
the opportunity of learning about the frogs, but especially acknowledge the opportunity to 
teach the young, how to continue protecting the frogs, particularly if it includes outdoor 
activities where tamariki are able to meet their taonga.  
 
[suggestions for future management]  
Interest the children, I reckon  (Interviewee 5);  
 
oh definitely [over the same answer], because you need to be not so much taught at 
school, the kids need to go out in the field, because no use having a forest that we 
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can’t show the young, from a younger age to build up to whatever they want to do in 
the future.  (Interviewee 7). 
 
Idea 3: There is an explicit value to the relationship with the partners to keep 
communication strong and healthy. This element becomes of ultimate importance when 
deciding on, and planning, management actions with a high cultural impact, such as 
translocations. It was identified during the relationship that translocations were a sensitive 
issue for tangata whenua because of their kaitiaki relationship with taonga species. Moving 
animals from one rohe (boundary, territory) to another should be understood by non-Māori as 
analogous to what it means to dispersing members of a family and to entrusting their care to 
someone else. As explained by Lyver et al. (2018), tangata whenua do not perceive 
translocations by simply as physical transport of species, but also a mana-enhancing and a 
relationship exercise for all practitioners and stakeholders involved. 
 
There’s been a lot of differences in almost every translocation, in reference to the birds 
in particular, they aren’t all the same and you have to expect that too… The procedures 
around translocations sometimes aren’t very well thought and I guess I’m talking from 
a cultural aspect. That is minor thing in some ways, but for iwi involvement, it’s quite a 
major thing, it’s a huge honour. (Interviewee 7). 
 
 A series of specific recommendations for consultation about translocation is offered in 
Chapter 7 of this thesis.  
 
Idea 4: Monitoring designed as a consistent cultural practice. One idea to improve 
communication and strength of the relationship is to find opportunities to work together, for 
example, including the local community in monitoring activities. ‘Monitoring with a cultural 
meaning’ is this author’s idea of obtaining useful information for management in a way that 
creates society’s positive memories. It is done with all the professionalism required to 
achieve scientific standards, but in consideration of the cultural context of the place too. This 
type of monitoring is designed in a way that is practicable for well-trained volunteers (after 
Bonney et al. 2009) whose significant characteristic is their willingness to participate. This is 
the principle behind the collaborative monitoring carried out in Pukeokahu as part of this 
partnership (see Cisternas et al. 2017). As a model, it is applicable in other cultural and 
conservation contexts, for example, with rural-school children in Patagonia (Cisternas 2013; 
Cisternas et al. 2014), or Rojahn et al. (2018) that promotes the development of eDNA 
monitoring with local communities in Australia. Collaborative monitoring also addresses 
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modern Māori desires to reconnect with their place (Ruru 2008). In this study, monitoring 
offered the opportunity to members of both tangata whenua to see their taonga face-to-face, 




There is no doubt of the benefits in engaging with local communities for conservation 
initiatives, and there are many examples of different ways to do this. In New Zealand there is 
a specific legal framework for the inclusion of indigenous communities in conservation 
management of taonga species, but it is debatable whether this mechanism leads to sufficient 
involvement of Māori people and the Māori worldview. The challenge is to find ways to 
share power in the decision-making process, achieve effective communication, and develop 
respectful relationships. Problems with all of these were observed during the translocation 
process, and the improvements identified can be mainly attributed to the development of the 
partnership described here. An effective approach is to make small changes that are really 
powerful, as with the organisation of the frog hui.  
This study aims to promote the development of holistic socio-ecological systems. It is 
hoped that the analysis of this case study adds to mutual understanding, and will help others 
to reflect about what is involved in developing truly equal conservation partnership. In the 
case study described here, the local Māori people understand the world with paradigm of 
knowledge and behaviour that is different from that of the researchers, but equally valid and 
in New Zealand legally recognised.  










Translocations are widely recommended for the conservation of threatened species 
(IUCN/SSC 2013), including amphibians (Harding et al. 2015). Amphibian species are 
diverse in natural history, ecology, behaviour, life history, morphology, and physiology 
(Duellman and Trueb 1986). Thus, it is necessary to have specialised guidelines for 
conservation practitioners working on amphibian translocations (Linhorf et al. in press). On 
the other hand, translocations are expensive, require a long-term commitment, and many have 
failed (Griffith et al. 1987; Fischer and Lindenmayer 2000; Reading et al. 2017). 
Nevertheless, an increasing body of knowledge is providing valuable lessons for future 
translocations. There is agreement that successful translocations require a holistic approach 
that integrates the biological, social and political components influencing their design and 
implementation (Seddon et al. 2012; IUCN/SSC 2013; Reading et al. 2017). Continued 
incorporation of adaptive management and scientific studies should lead to increased success 
rates. Translocation management should comprise an iterative process of outcome 
assessments, and a redefinition of actions and objectives (IUCN/SSC 2013). 
 Within the New Zealand context, translocations are a key component of the national 
strategy for conservation of endangered species (e.g. Bishop et al. 2013 for native frogs 
Leiopelma spp.; Germano et al. 2017 for kiwi Apterix spp). Many species are threatened with 
extinction and survive only on predator-free islands. However, translocations must be 
managed carefully. In particular, the legal and cultural context in New Zealand means that 
Māori worldviews have to be incorporated in conservation management, and so 
translocations in this country require the integration of cultural, social and biological 
components.  
Translocations have been recommended for all three species of New Zealand native 
frogs (Leiopelma spp.). The aim has often been to establish new wild populations (Bishop et 
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al. 2013) in order to protect the species against threats such as diseases and introduced 
predators (e.g. Bell et al. 2004a). However, the Leiopelma translocations carried out so far 
have had varied outcomes. Bell et al. (2010) reported that only one of the six translocations 
of L. hamiltoni was highly successful (the translocation to Boat Bay in 1984 and 1985), two 
were successful (Nukuwaiata Island in 2004 and 2006, and Motuara Island in 1997) and three 
were unsuccessful (Stephen Island in 1992, Long Island in 2005, and Zealandia Sanctuary in 
2006). The main lessons reported by these authors were related to the numbers of frogs that 
needed to be released, the management of habitat at the release site, and securing long-term 
(> 20 years) monitoring (Leiopelma spp. are a long-lived) (Bell et al. 2010). In summary, 
there has been an evident bias towards the biological component of these translocations as a 
key element for success.  
This thesis is especially relevant in the New Zealand amphibian conservation context 
since it is the first study dealing with a translocation of Leiopelma archeyi, a threatened New 
Zealand endemic anuran species (IUCN/SSC/ASG 2017; Burns et al. 2018). It is also the 
most Evolutionarily Distinct and Globally Endangered amphibian species (ZSL 2018). Its 
translocation is the first amphibian translocation project in New Zealand that has 
incorporated an integrative research approach with a strong socio-cultural indigenous 
component from the beginning.  
The first step of this research was to analyse the history and outcomes of the 
translocation project up to 2014, as the author’s research began in January 2015. This 
analysis identified several problems and uncertainties in different components of this 
translocation. First, the monitoring program applied since the first release of frogs in 
Pukeokahu, in 2006, showed low capture rates that compromised the feasibility of 
performing the capture-recapture analysis. Secondly, as this was an emergency translocation, 
it was not feasible to conduct habitat assessment before release, nor was there any 
consultation with local stakeholders (Smale and Wallace 2006). Furthermore, no summary of 
the procedures involved existed. Instead, most of the written information was sparse and 
remains attached to people involved in the translocation, rather than in a report with 
standardised information. Finally, after release, there was no follow-up with the whānau 
(family group) from where the frogs came, nor with the whānau that received the frogs, and 
so there was no effective integration of the iwi in this translocation.  
The overarching aim of this thesis was to contribute to the improvement of the 
Pukeokahu translocation, by developing studies to fill the previously mentioned gaps and 
specify management actions that should increase the project’s success in the long-term. 
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Leiopelma archeyi and its sister species, L. hamiltoni, have closely related ecology and 
behaviour (Bell 1978a), and so the results of this thesis should also be useful for managing 
translocations of L. hamiltoni. 
Finally, in accordance with the cultural and legal framework of New Zealand, all of 
these analyses and recommendations suggested were undertaken in consideration of Māori 
culture and Māori worldview. Thus, this study provides important information for any 
translocation carried out in New Zealand, as well as other endeavours with indigenous 
community involvement around the world.  
 
7.2. Synopsis of results  
 
In 2015, when the author started her research, the only available information about the 
translocation of Leiopelma archeyi from Whareorino to Pukeokahu comprised two concise 
published documents in the grey literature: the abstract of a poster presented at a scientific 
conference (Haigh et al. 2007b), and a table with a brief summary of information such as: 
year of release, number of animals translocated, site of collection and release, and the reason 
for translocation and outcome (Sherley et al. 2010). However, most of the essential 
information resides in multiple easily-missed technical reports and notes. If we are to learn 
from previous experiences, the first step is to provide a baseline of information for further 
analysis. Accordingly, in Chapter 2, the procedures of the 2006 and 2016 translocations is 
fully documented, with detailed information on capture, transport, captivity, and release 
steps. The data was mainly obtained through a request to DOC (Department of Conservation, 
New Zealand) made under the Official Information Act; this is a legal mechanism in New 
Zealand for obtaining public information. Additional information was obtained by personal 
communications and personal observations by the author.  
Chapter 3 targeted the central question of the translocation: is the translocated 
population of L. archeyi at Pukeokahu established there? To answer this question, capture-
recapture analyses were conducted with the post-release monitoring data collected since 2007 
by DOC and volunteers, and by the author in coordination with stakeholders and practitioners 
in 2015 and 2016. The results showed that since 2007 a small population (less than 50 frogs) 
has established in the release area. Nevertheless, there is not yet enough data to make robust 
conclusions about the second release of frogs in 2016. Based on the capture-recapture results 
and the modeling of counts of frogs per monitoring night, the fixed search area established 
for monitoring was re-designed. This change allowed the monitoring of an area where about 
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100 frogs were assumed to be present. This change in the monitoring area led to positive 
results after implementation. Therefore, the problems with the monitoring design that were 
impeding the estimation of parameters using capture-recapture methods were solved. In order 
to obtain demographic information about the frogs translocated in 2006 and 2016, it is 
necessary only to accumulate more information and run these analyses again.   
As previously mentioned, the demographic results indicate that the translocated 
population remains small, with a stable trend over time. Thus, a key question to address was 
how to improve the reproduction and survival of juveniles in the released population. 
Accordingly, in Chapter 4, the use of dead ponga trunks (tree-fern species in the genera 
Dicksonia and Cyathea) as oviposition sites was studied at Whareorino, the source population 
of the translocated frogs.  
Previously, the use of ponga as oviposition sites was little known. Monitoring of the 
oviposition sites during three consecutive breeding seasons (October 2015 to February 2018) 
led to interesting observations of multiple frogs present at the oviposition site before and after 
eggs are laid, and before and after froglets hatched and completed metamorphosis. Not every 
ponga is used as an oviposition site, and ponga trunks with the smaller sized openings were 
used more frequently than ponga with larger openings). Other aspects of the ponga 
oviposition sites, such as a possible relationship between the presence of a second chamber 
and predation avoidance, may be important but were not studied for practical reasons.  
In Chapter 5, a post-hoc analysis of the habitat quality of Pukeokahu for L. archeyi 
was carried out. This involved comparing selected biotic and abiotic components of the 
environmental conditions at the donor site (Whareorino) and the release site (Pukeokahu). In 
2006, the translocation of frogs was considered an emergency situation, and consequently no 
detailed analysis of the habitat at the release site was conducted. However, habitat analysis is 
an essential component of translocations, thus even as a post-hoc analysis, this study offered 
basic information that is essential to consider in assessing the outcomes of this translocation. 
The key element of this comparison was the measurement of in-situ variables that were 
related to the survival of the frogs in a novel site. The study concluded that the release site 
was drier than the donor site and that this might compromise the survival of the frogs, 
particularly in the early stages of their life cycle. Thus, this study offered a framework to 
assess suitable areas for future translocations of this species and to inform any habitat 
improvement actions in the release site that may be required.  
Finally, tangata whenua (local people) of the sites involved in this translocation were 
largely ignored before the research described in this thesis. During the thesis work, strong 
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relationships were encouraged, and these were achieved after the development of a 
partnership between tangata whenua and the author, together with other stakeholders and 
practitioners, like DOC and Auckland Zoo. Chapter 6 analyses the development of this 
partnership, highlighting useful learnings that can serve as a model for iwi involvement for 
other translocations in New Zealand.  
 
7.3. Recommendations for the translocation management of Leiopelma archeyi  
 
Three main sets of recommendations for the translocation management of L. archeyi 
arose from the studies reported in Chapters 2-6 of this thesis. Firstly, general 
recommendations for the translocation process as a whole are summarised from a cultural and 
biological perspective. A second group of recommendations concerns the assessment of the 
monitoring outcomes for Pukeokahu, particularly in relation to the requirements for improved 
accuracy in the estimation of demographic parameters. Finally, a series of habitat 
improvement actions are recommended for the release site. It is expected that if the species 
habitat improves, the improvement will be reflected in improved demographic parameters 
estimated for this population. For example, if the breeding habitat is improved, then 
demographic parameters related to reproduction, like recruitment, should show an increase 
over time as a result of that habitat improvement action.  
 
7.3.1. Recommendations for the translocation planning process  
 
Translocations in New Zealand require that tangata whenua are allowed to review the 
ecological and cultural integrity of the new habitat and receivers as part of the consultation 
process (Lyver et al. 2018). This is because translocations are a sensitive matter for iwi: 
whānau perceive frogs as their family, and thus they care for their welfare (see Chapter 6). 
When a translocation is planned by either DOC, carrying out the conservation policy defined 
for this species (Bishop et al. 2013) or by a private institution, such as Auckland Zoo, tangata 
whenua should be involved at the beginning of the permit process. This consultation can 
consider the biological and cultural components of the translocation and the best actions for 
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7.3.1.1.Recommendations for consultation about translocation  
 
These recommendations for future consultation processes about translocations were 
generated following the author’s participation in the 2016 translocation process, as described 
in this thesis. These recommendations should also be useful for other tangata whenua and/or 
translocation of other species. Ideally, the organisation leading the translocation (whether 
DOC or others) should communicate with the iwi concerned at the early planning stages 
about how the whānau could be involved in the process. Some examples of how to do this are 
listed below: 
 
• Specify the exact number of animals to be collected and the site of collection. The 
animals are considered family; iwi value the life of each member of the family, and if 
any translocated organisms die, it would be ideal to place their bodies back where 
they came from. 
• Allow communication, within Māori protocols, between the donor and release 
whānau: create or facilitate an opportunity in which both groups can achieve spiritual 
connection by removing tapu (be sacred, restricted) and, if they wished, form a joint 
group with a shared direction for the protection of that taonga (treasure). 
• Share simple, but detailed descriptions of translocation procedures with iwi: whānau 
are aware that the translocation process (capture, transport, captivity, and release) is 
unpleasant and physiologically stressful for the animals. Therefore, the iwi should be 
provided with summarised information about the conditions of translocation, for 
example, size of enclosures, time in transit and diet in captivity.  
• Incorporate whānau members in the collection and release of animals: it is important 
for whānau to bless this procedure with karakia (recite a prayer). 
• Allow time for comments on the procedures carried out when whānau are involved, 
for example, when and how karakia are performed before release. 
 
7.3.1.2.Recommendations for translocation procedures  
 
Effective planning is essential for minimising any problems with the release of frogs 
in a new site. The procedures adopted in the stages of capture, transport, captive holding, and 
release to a novel site, play a key role in the final probability of success in translocations (see 
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reviews in Texeira et al. 2007; Dickens et al. 2010; Parker et al. 2012). Therefore, during the 
planning stages, it is essential to review how to minimise the physiological stress associated 
with each step of the translocation, and to share this information with the iwi from the 
beginning.  
  
7.3.2. Management recommendations for Pukeokahu  
 
7.3.2.1.Monitoring recommendations  
 
Post-release monitoring constitutes the only source of information for assessing 
whether or not the translocation objectives have been met. Therefore, in order to make 
evidence-based management decisions, the information provided by the monitoring must be 
accurate. In Chapter 3, the monitoring design was analysed. The aim was to optimise the 
results, based on a consideration of the mathematical assumptions behind population analyses 
and the practical field limitations. In summary, it was concluded that if there is a low capture 
rate of frogs, more consecutive nights of monitoring (an increase from four to six or even 
eight consecutive nights) should be added, even if, for budget reasons, this would require a 
change in the monitoring frequency from annually to every two or more years. If the problem 
of low captures rates persists, the monitoring design, particularly the search area, should be 
reviewed.  
The results obtained in Chapter 5 showing the high vegetation cover of the forest 
floor inside the herbivore-protective fence justify the concerns raised by the whānau about 
the risk of accidentally stepping on a frog during monitoring (see Chapter 6). This is 
especially likely during participatory monitoring sessions (as occurred in 2015 and 2016), 
therefore the construction of boardwalks is highly recommended.  
A summary of complementary options is offered in Figure 7.1 in order to improve the 
quality of information obtained from the monitoring. Monitoring is both a long-term 
commitment and essential for adaptive management (see Chapter 1).  
 
7.3.2.2.Habitat improvement recommendations  
 
As shown in Chapter 5, the release site at Pukeokahu has suitable habitat for L. 
archeyi, but the quality is lower than that at Whareorino (the donor site) in terms of the 
relative humidity the frogs are exposed to. As in any other amphibian species, water balance




Figure 7.1. Monitoring recommendations for Pukeokahu. The threshold values used corresponded to upper (*) and lower (**) confidence 
interval values estimated in the donor population (Whareorino) (see Bridgman 2015). *** correspond to the estimates obtained for the north area 














If survival ~ 0.75* and population size > 150* frogs for 10 years àOBJECTIVE ACHIEVED
If survival ~ 0.5** and population size < 100*** frogs à IMPROVE HABITAT (e.g. add ponga, build boardwalks, equate 
Whareorino’s predator control program)
If survival < 0.5** and population size < 50 frogs** persist for more than 10 years àACTIVATE EXIT PLAN (e.g. rescue 
frogs and transfer them to Auckland Zoo for the breeding captive program)
Weak database
Increase number of consecutive nights of secondarysampling sessions 
(e.g. instead of 4 consecutive nights of monitoring once a year change to 
6-8 ‘consecutive’ nights every other year)
Control for detectability (e.g. change monitoring to March-April when 
parental care has finished)
Control for spatial variation (e.g. extend the search area)
Strong database
Estimate survival (using CJS open population models)
Estimate population size (using robust design or closed population 
models) or density (using spatially explicit capture-recapture methods)
Estimate temporal emigration (using robust design)
Estimate population growth and other recruitment estimates (using JSSA 
open population models)
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plays a fundamental role in the species’ ecology (see Chapter 1). Thus, the environmental 
conditions at Pukeokahu are probably drier than desired, and habitat improvements of the 
vegetation might enhance the establishment and persistence of the species. Leiopelma archeyi 
is able to rehydrate rapidly from ephemeral sources of water, such as water accumulated at 
the base of a kiekie (Freycinetia banksii) leaves or in bryophyte mats, when moisture 
availability is restricted (Cree 1989). Thus, adding plants such as mosses, kiekie or others 
with similar structures that allow for water retention (e.g. Astelia spp.) may improve 
demographic parameters (e.g. increase recruitment and population size) in the frogs. 
The regeneration of vegetation inside the herbivore-protective fence is an important factor in 
the creation of habitat at Pukeokahu. However, as shown in Chapter 3, it is unknown whether 
the frogs dispersed after release or died. Results of surveys on the post-release dispersal of 
translocated Leiopelma frogs are mixed. In Boat Bay and Motuara Island, frogs of L. 
hamiltoni remained close to the release area (Pledger 2008; Bell et al. 2004b), but in Stephens 
Island, returned c.70 m from its release site to the collection site (Tocher and Brown 2004). 
Extended surveys of the frogs’ distribution once every 5-10 years, are recommended not only 
to control spatial variation issues in the demographic estimates (as mentioned above), and 
also to improve understanding of the habitat requirements of these species. This should help 
in better delimiting future translocation sites and designing pre-release predator control 
programs. The results of extended surveys would also be useful for assessing whether the 
fence borders should be extended or moved in order to enclose as many frogs as possible. If 
the vegetation regeneration caused by the fence exclusion has a positive impact on the 
survival of frogs, then demographic parameters should show a trend of increase over time.  
Finally, the addition of ponga retreats (as suggested in Chapter 4) would increase the 
overall number of retreat sites available in Pukeokahu. If carefully designed, this action 
would also test whether ponga is a preferred oviposition site for this species. If the presence 
of ponga retreats enhances breeding success and there are no other constraints affecting 
juvenile survival, an impact on demographic parameters (e.g. recruitment) should be 
observed three to five years after installing the ponga. If juvenile survival proved to be a 
constraint for population establishment, ponga stumps could also be installed following a 
design that allows for collection of froglets from them. The froglets could then be raised in 
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7.4.Further research  
 
This thesis examined some of the most important elements contributing to the 
success, or otherwise, failure of the translocation. However, there are also other elements, not 
previously considered, that should be examined in further research. It is recommended that in 
the future, the following research should be incorporated into the translocation project: 
 
Estimate juvenile survival. This is a critical component in amphibian translocations, 
whether the target species has aquatic larvae or terrestrial direct development (e.g. McFadden 
et al. 2016; Ward et al. 2016). According to the data observed in the donor population (see 
Figure B1 in Appendix B), the proportion of juveniles observed in a ‘healthy’ population 
should be two or three times larger than the number of breeding adults. A capture-recapture 
monitoring program to detect smaller frogs would be extremely useful for determining the 
likely future of this translocation. It would also provide baseline information for other 
management tools, such as matrix population modelling. This method does not require the 
individual identification of frogs (which is necessary in capture-recapture methods), but it 
does require the parameters of survival for specific life-stages.  
 
Carry out statistical power-analysis of the monitoring design. After two or three years of 
good quality information obtained by the current monitoring design, it will be possible to 
carry out statistical power-analysis. This will determine how often, and for how long, 
monitoring is necessary in order to infer a ‘stable’ trend in demographic parameters (survival 
and population size). This would allow stakeholders and practitioners to establish a time-
frame for managing the translocated population, and allocating the budget necessary to 
achieve the proposed objective.  
 
Analyse the effectiveness of a captive period for preventing the threat of chytrid. The 
main driver of this translocation was the threat of chytrid infection in wild populations of L. 
archeyi. All the frogs released in the new site were carefully controlled against this threat, 
being tested three times before release, and held captive for 3-6 months in quarantine. 
However, frogs in the release site have tested positive for chytrid, even though only frogs that 
tested negative were released. There is an increasing body of knowledge that not only 
repositions chytrid as a worldwide threat for amphibians, but also recognises a wide variety 
of responses to the same threat between and within species populations (Beebee and Griffiths 
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2005; Bishop et al. 2009; Farrer et al. 2011; Lips 2017). Therefore, in any future translocation 
of L. archeyi, the trade-off between the benefits of a quarantine period and the stress that 
could be experienced by the frogs during the captivity period should be tested. 
 
Measure physiological stress in translocated animals. Every translocation increases the 
levels of physiological stress experienced by the animals, and there are simple methods to 
measure this. They include collecting and testing samples of glucocorticoids levels in blood 
and/or faeces, and measuring the cardiac response of the animal translocated. Nevertheless, 
these are relatively invasive methods, thus the trade-off between animal welfare and 
knowledge acquired should be examined further. 
 
Study the relationship between the use of ponga as an oviposition site and the avoidance 
of introduced predators. L. archeyi is the only terrestrial Leiopelma species able to survive 
in the presence of invasive predators such as rats (Rattus rattus) and mice (Mus musculus). Its 
sister species, L. hamiltoni, became extinct on the New Zealand mainland, presumably 
through predation by introduced species (Bell et al. 1985). However, the mechanisms that 
enable L. archeyi to survive in this altered habitat are unknown. The suggested inquiry is 
based on several new observations, namely: the use of ‘second chambers’ in ponga for 
oviposition, the interactions between rats, possums and frogs around ponga, and the frequent 
use of ponga as oviposition sites. Information obtained in the suggested research could be 
critical for managing the conservation of this species. If the ponga monitoring is designed 
using a citizen science approach, whānau could collaborate and assist during fieldwork. 
Ideally, whānau could use the advantage of being close to the study site, and so they could do 
regular visits to the monitoring site to check the equipment (e.g. change batteries to the 
camera trap).  
 
Continue to develop the relationship between iwi and conservationists, and study how 
this affects outcomes of translocations.  There are no previous examples of the co-
management of frog translocations by Māori and conservationists. However, the partnership 
developed during the translocation of frogs to Pukeokahu establishes a precedent. Now it is 
important to establish how the inclusion of an extended range of people (stakeholders, 
practitioners, local community, other) in translocations benefits the final success of 
translocations. The partnership analysed in this thesis could serve as an example to design an 
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engagement strategy with other iwi, particularly with those related to threatened frog 




Translocations carried out for conservation purposes are often driven by the necessity 
of managing an endangered species when threats are compromising its survival in the wild 
(Caughley 1994; IUCN/SSC 2013). However, although the initial reason for a translocation 
may be biological, the final outcomes of a translocation might be more related to human 
factors. For example, independently of the biology-based recommendation for undertaking a 
translocation, the final decision to carry out will depend on its economic feasibility (a sponsor 
will be needed) and whether there is any potential for cultural conflicts (e.g. if there is a 
religious controversy, the translocation will probably not go ahead). Similarly, in the 
planning and implementation, the human intervention of capture, transport (sometimes also 
temporarily kept in captivity) and release, will largely determine the post-release survival of 
the translocated organisms. Moreover, if there is no commitment to monitoring, assessing the 
results of the translocation will be impossible, as will the possibility of applying adaptive 
management to improve the survival and breeding fitness of the translocated individuals 
(Ewen and Armstrong 2007). The results of this thesis confirmed that a translocation should 
not be viewed as a one-off management action, but rather as an ongoing exercise of 
assessment and redesign of actions in order to achieve optimum, long-term results. Hence, a 
long-term commitment to the translocation enterprise is necessary (IUCN/SSC 2013; Linhoff 
et al. 2019). 
The findings of this thesis support the idea that for countries where the management 
of native species depend upon governmental agencies and consultation with indigenous 
communities, it is important to develop an analytical scheme that not only integrates different 
scientific disciplines, but also different paradigms of knowledge (e.g. Lyver et al. 2018). 
Translocations are complex ‘engineering’ actions in which an institution coordinates the 
translocation team and designs each of the components, based on the knowledge of the 
biology of the target species. The use of simple, but explicit criteria to design, implement and 
assess translocations, in addition to extended literature reviews, would enhance the success 
rate of this translocation (Sutherland et al. 2010). Lack of basic biological knowledge and 
problems coordinating practitioners have been the main elements that have prevented the 
determination of success in this translocation. Translocations should be planned, undertaken 
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and assessed by a coordinated team of professionals to prevent these problems and optimise 
the use of resources (e.g. Parker 2008).  
This thesis aimed to improve the results of the Pukeokahu translocation by 
coordinating practitioners and stakeholders and informing them of the latest knowledge 
available. The thesis work considered the different elements that interacted in this 
conservation initiative: the biological requirements of a terrestrial anuran, the budget 
limitations of a governmental agency, and the feasibility of carrying out co-management, 
combining western-conservation paradigms and indigenous communities’ conservation 
perspectives. Therefore, the most important conclusion of this thesis was that both the 
cultural and management aspects of conservation should be positioned as top priorities. 
Researchers might have good ideas of how to deal with the biological aspects of a 
conservation action, but the long-term success of the project is unlikely unless the proposed 
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OFFICIAL INFORMATION REQUEST 
 
I refer to your request made under the Official Information Act 1982, dated 8 June 2017. 
 
You have asked for: 
 
1. All the information accessible through this method that contains information about this 
translocation. 
 
2. Specifically, I would like to ask the Translocation Proposal permits approved, 
translocation reports and/or any other information related (e.g. files with information of 
the individuals released). 
 
Please find enclosed the information which you requested.  
 
Some information, is being withheld under section 9(2)(a) of the Official Information Act, to 
protect the privacy of individuals. I do not see that my reasons for withholding the information 
are outweighed by other considerations which render it desirable, in the public interest, to 
make that information available. 
 
You are entitled to seek an investigation and review of my decision by writing to an 









Acting Director Terrestrial Ecosystems 
Science and Policy 
































Time Tues 5th Weds 6th Time Tues 5th Weds 6th
8:00
Meet at office - spray 
gear, health and safety
Meet at office - spray 
gear, health and 
safety 8:00
Meet at office - spray 
gear, health and safety
Meet at office - spray 
gear, health and safety
8:30 Depart office Depart office 8:30 Depart office Depart office








10:15 Morning tea Morning tea
10:00-






11:30 Walk to collecting sites
Walk to collecting 
sites
10:15-
11:30 Walk to collecting sites Walk to collecting sites
11:30-
13:00 Frog collection Frog collection 
11:30-






15:00 Frog collection Frog collection 
13:30-
15:00 Frog collection Frog collection 
15:00-
16:30 Walk back to vehicle Walk back to vehicle
15:00-






18:15 Travel to Te Kuiti Travel to Te Kuiti
16:45-
18:15 Travel to Te Kuiti Travel to Te Kuiti
18:15-
19:30 Travel to Hamilton Zoo
Travel to Hamilton 
Zoo
18:15-
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Equipment What for Amanda Lisa
Trigene 500 ml spray 
bottles x 3  
Hygiene protocols √ (1) √ (2)
Spray bottles  x 3 with 
filtered or rainwater (note: 
treated  city water that is 
filtered via carbon and 
sediment filter will not 
have chytrid) 




1/5 L filtered water (for 
day two) 
Keeping frogs damp √ (Hamilton
Zoo)




Large nitrile gloves  (50 
per group/day = 300) 
Frog handling √  
Ziplock frog bags (30 per 




24 x A4 ziplock bags Field gear 
storage/packing
12 small-medium rubbish 
bags 
Back up for keeping 
things dry/equipment 
packing
short rulers x 3  SVL √
Calipers x 3 SVL √ (2) √ (1)
Alcohol wipes x 60 Clean field 
equipment
√ 
Kestrel wx recorders x 3 
??? (do we want to record 
air temp and rh at capture 
sites???) 
Wx √ (1) √ (2) get
second one
from Doug
A5 clipboards x 3 Data storage √
Waterproof field data 
sheets for recording frog 
data (in clipboards)
Data recording √ (to prepare)
Water proof notebooks (3)  Data recording √
GPS (Garmin 76S) Navigation/collection 
sites
√ (1) √ (2)
Compasses x 3 navigation √ (2) √ (1)
Pencils (6) √
Black vivids (3) √ 
Flagging tape (3) √  




























Thermometers x ??  Monitoring 
temperature in chilly  
bins
√? To get 
(DSE) 
 
Radios x 3 coms  √ 
Spare radio batteries x 3   √ 
First aid kits x 3  √(1) √ (2) 
Maps x 6 (laminated)  √ (get from 
IMU)
√  (laminate) 
Small torches (one per 
person, ask everyone to 
bring their own) 
Frog searching √ (2) √ (?) 
3 x emergency torches    √  
24 x AA batteries (4 x 4)  √  
24 x AAA batteries (4 x 4)  √  
Large chily bins x ?   √ √ (1?) 
Medium chilly bin (for 
extra ice packs) 
 √  
Small chilly bins x ?  √  
Ice packs x ?  √  
Plastic sheets/rubbish bags 
and newspaper  
pack between ice 
packs and frogs
  
Instructions for searchers 
with SVL ruler, frog ID 
guide, frog trampling 
notes, hygiene protocols x 
12 (laminated) 
  √ 
Instructions for team 
leaders, listing data, frog 
collection requirements 
and hygiene protocols  x 3 
(laminated) 
 √  
Copies of schedule (with 
leader and searcher 
instructions) (Laminated) 





equipment and gear 
between days
√ √ 
Camera (leave in truck)   To take photo’s at 































Team leaders:   Amanda Smale 
   Lisa Daglish 
   Leigh Marshall 
 
Equipment per group (per day) issued to team leader: 
Health & safety equipment: 
1 x radio and spare battery 
1 x first aid kit     
1 x compass      
1 x emergency torch 
 
Frog collection equipment: 
1 x 150 mm ruler 
1 x calipers 
10 x alcohol swabs 
1 x A5 clipboard 
1 set of waterproof data sheets (in clipboard) 
1 x waterproof notebook 
1 x Garmin 76S GPS with aerial 
1 x kestrel wx recorder (?) 
2 x maps 
1 x flagging tape 
30 x zip lock “frog” bags 
4 x A4 ziplock bags  
2 x small-med rubbish bags 
50 x nitrile gloves  
30 x unbleached paper towels 
2 x pencils 
1 x vivid 
1 roll packing/duct tape 
? x small chilly bins 
? x small ice packs (in bins) 
? x plactic sheets/rubbish bags and newspaper 
8 x AA batteries 
8 x AAA batteries 
1 x team leader instructions 
4 x searcher instructions  
 
Notes: 
Each team should have two people with large tramping packs with pack liners for 
carrying out chilly bins 
 
Everyone is responsible for bringing their own food, water, clothing, boots, rainwear, 
torch and pack.  All clothing and equipment must be clean and dry on arrival.   
 
For those completing consecutive  trips, plan to have two complete sets of field gear 
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Translocation Proposal (Stage Two) 
1. Translocation Summary
Translocation Title Proposal to transfer 100 Archey’s Frog (Leiopelma archeyi) from 
Whareorino Forest to Pureora State Forest and into captivity at Auckland Zoo 
and Otago University, by way of a two staged emergency translocation.
Translocation Overview Chytridiomycosis is an infectious disease thought to be the cause of mass 
amphibian deaths (including species extinctions) in Australia, and the 
Americas (Daszak et al., 2003; Lips et al., 2006).  The fungus is known to 
infect Archey’s frog and has been implicated in the local declines of Archey’s 
frog on the Coromandel Peninsula (Bell et al., 2004).  Chytrid fungus has 
recently been identified in the Whareorino Forest Archey’s frog population, 
the stronghold population of this species, and could lead to the decline of this 
population.   
We propose to transfer 100 healthy frogs from Whareorino Forest in two 
stages. 
Stage One: transfer 100 frogs into temporary captivity at Hamilton Zoo in 
September 2006 for a three month captive quarantine.  Quarantine 
complete, frogs currently in holding at Hamilton Zoo. 
Stage Two: transfer healthy frogs from Hamilton Zoo quarantine to Auckland 
Zoo (16 frogs) and to the new wild site (71 frogs) at Pureora State Forest in 
December 2006.  The wild release site selected is Pukeokahu Ridge, Pureora 
State Forest in the Maniapoto Area. 
In addition to this it is proposed the 12 frogs which tested positive for chytrid 
fungus during quarantine be removed from the translocated populations and 
be transferred to Dr Phil Bishop, Otago University for disease research. The 
Native Frog Recovery Group is supportive of this research.  
The intention of this translocation is to reduce the disease threat to the most 
abundant Archey’s frog population by establishing a new wild population, 
and supplementing the existing captive population. Additionally greater 
genetic stock of the Whareorino Archey’s frog population will be secured at a 
new site and in captivity.
Project Manager Amanda Smale 
Technical Support Officer, Native Frog Ecologist
Proposal Writer Amanda Smale 
Technical Support Officer, Native Frog Ecologist 
Jess Wallace         
Technical Support Assistant
Lead Conservancy Waikato Conservancy
Affected 
Conservancy/ies 
Stage One:  No other Conservancies affected. 
Stage Two:  No other Conservancies affected. 
RGM Concurrence RGM (Northern) concurrence is required for Stage Two of this 
emergency translocation because the species is being moved to a 
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Inform RGM RGM (Northern) was informed prior to Stage One of the translocation 
occurring because a temporary captive population of the species is to 
be established and because this is an emergency translocation. 
Translocation Approver Stage One:  Mike Bodie, Acting Waikato Conservator (for Greg Martin) 
Stage Two:  Greg Martin, Waikato Conservator
Project Team Amanda Smale (Team Leader, WCO), Native Frog Ecologist.  Has extensive 
experience with monitoring Whareorino Archey’s, experienced frog searcher 
and handler. 
Lisa Daglish (MAO), Biodiversity Ranger.  Experienced frog searcher and 
handler, has worked with native frogs in Whareorino Forest and in the 
Marlborough Sounds. 
Leigh Marshall (WCO), Technical Support Officer.  Has extensive 
experience with monitoring Whareorino Archey’s, experienced frog searcher 
and handler.  Has been involved with previous Archey’s frog transfers. 
Other members of the translocation team will include staff members from 
Waikato Conservancy, Maniapoto Area Office and Hamilton Zoo, and other 
amphibian experts as available. 
Emergency 
Translocation 
This translocation has been classified as an emergency. 
Justification: If events follow the pattern observed on the Coromandel 
Peninsula, Australia and the Americas, it is possible that the stronghold 
population of Archey’s frog in Whareorino Forest could experience a disease 
epidemic resulting in catastrophic decline and possibly local extinction.  
Immediate action needs to be taken to transfer 100 frogs from the area to 
establish a new wild population and supplement the existing captive 




Species to be 
Transferred 
Archey’s frog (Leiopelma archeyi). 
Threat status is Nationally Critical (Molloy et al., 2002, Hitchmough 2002). 
Source Location Whareorino Forest, King Country.
Release Location Stage One:  Captive facility at Hamilton Zoo (temporary three month 
quarantine consisting of two month quarantine and one additional month for 
contingency).  Quarantine complete, frogs currently in holding at 
Hamilton Zoo. 
Stage Two: Pukeokahu Ridge, Pureora State Forest (wild release site), 
Auckland Zoo (existing Archey’s frog captive facility) and Otago University 
(chytrid fungus research facility).  
Note: Frogs which tested positive for chytrid fungus during the quarantine 
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The purpose is to establish a second wild population of Archey’s frog with 
individuals translocated from the Whareorino Forest population to Pukeokahu 
Ridge, Pureora State Forest and to supplement the existing captive 
population.  Coincidental disease research objectives will be completed as a 
result of this translocation through the transfer of 12 frogs found to be 
infected with chytrid fungus to the Otago University chytrid fungus research 
facility. 
 
Archey’s frog survives in Whareorino Forest and the Coromandel Ranges.  
The range of the Whareorino population is limited to a 6 km2 area and 
therefore is at significant risk should a disease epidemic occur.  This 
population is considered the stronghold for the species and does not appear to 
have suffered significant decline in recent years.  
 
In June 2006, chytrid fungus was detected at low levels within the 
Whareorino population using a new DNA diagnostic technique.  This is the 
first conclusive evidence that chytrid fungus is present in the Whareorino 
population.  Dead Archey’s frog specimens (dating back to 2001) from 
Whareorino were also examined and tested negative for the fungus, including 
specimens that were tentatively diagnosed as positive for chytrid in 2002.   
 
To “wait and see” if the presence of chytrid fungus in the Whareorino 
population causes a decline before taking any precautionary action would put 
this population and potentially the species at significant risk.  To reduce this 
risk, a translocation to establish a population at a new wild site, and a 
supplementary translocation for the existing captive population, is urgently 
required. 
 
It is accepted that chytrid fungus occurs on the mainland and may be present 
everywhere (as yet it cannot be detected in the environment except through 
frogs). Establishing a second Whareorino sourced population and 
supplementing the existing captive population will reduce the risk of 
Archey’s frog extinction due to a disease epidemic at Whareorino Forest. 
Context The threat status of Archey’s frog is Nationally Critical (Molloy et al. 2002, 
Hitchmough 2002) due to significant declines of the species in the 
Coromandel and the unknown and ongoing effects of chytrid fungus.  
Archey’s frog is one of only four surviving species from the unique and 
ancient Leiopelmatidae family.  Its loss would be of national and 
international conservation significance. 
 
In mid to late 2001, chytrid fungus was identified from dead frogs in the 
Coromandel, which coincided with declines of Archey’s frog throughout the 
species’ range in the Coromandel.  Dr. Ben Bell (Bell et al., 2004) recorded 
the lowest ever frog counts on a long-term monitoring grid at Tapu 
(Coromandel) in December 2001, while a similarly dramatic decline occurred 
at Moehau within a few months.  The rate and severity of decline, the 
progressive south to north nature of the decline and confirmation of frogs 
with chytrid fungus in the population, suggest the fungus was the major agent 
(Bell et al., 2004). 
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chytrid fungus was detected at low prevalence in amphibian populations. 
(Lips et al., 2006; Mendelson III et al., 2006).  It is predicted that within four 
to six months of the arrival of chytrid fungus at a site where it has not 
previously been present, ~ 50% of amphibian species and ~ 80% of 
individuals may disappear (Lips et al., 2006). 
 
While Archey’s frogs are susceptible to chytrid fungus infection, as 
demonstrated from pathology diagnosis (pers. comm. Dr Richard Norman), 
the impact of infection at an individual and population level is largely 
unknown.  Should rapid and/or continual population decline occur, and 
introduced mammalian predators continue to have a considerable impact, 
there is significant risk of a severe population decline. 
3. Outcomes and Targets 
Conservation 
Outcome(s) 
Stage One:   
x 100 Archey’s frogs collected from Whareorino Forest and placed in 
quarantine at Hamilton Zoo for three months.  Completed. 
Stage Two: 
x A second wild population of Archey’s frog established at Pukeokahu 
Ridge in Pureora State Forest. 
x The existing captive breeding population (Auckland Zoo) increased 
from 20 individuals to 36 individuals. 
x Improved understanding of Archey’s frog susceptibility to chytrid 
fungus.  
Operational Target(s) Stage One: 
x 100 frogs of specified age classes will be collected and transferred to 
Hamilton Zoo quarantine facility in September 2006.  Completed. 
x All frogs will be transferred to Hamilton Zoo on the day of 
collection.  Completed. 
x Quarantine and disease screening will be completed by December 
2006.  Completed. 
x Frogs (13) infected with chytrid fungus will be transferred to Otago 
University for disease research by end of December 2006.  
 
Stage Two: 
x 16 frogs, of specified age classes and geographic distribution, will be 
transferred to Auckland Zoo in December 2006. 
x 71 frogs, of specified age classes, will be transferred to Pukeokahu 
Ridge, Pureora State Forest in December 2006  
x At least 60 % of frogs survive the first year in the wild1. 
x At least 60 % of frogs survive the first year in captivity. 
 
 
                                                 
1 Maud Island frogs transferred to Motuara Island had high annual survival rates three months after release (81-98%) 
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Long-term targets: 
x Healthy frogs maintained in captivity. 
x Fifty percent of frogs transferred (i.e. eight frogs) breed, or attempt to 
breed, in captivity within three years of transfer. 
x High survival rate of frogs in the new wild population and 
recruitment is recorded within three years of transfer
1
. .    
Research Objective(s) Twelve frogs found to be infected with chytrid fungus are available for 
chytrid fungus research at Otago University.   The research objectives listed 
in Appendix One will be completed in the priority order listed.   A copy of 
the research and collection permit and holding permit are included in 
Appendix Two.   These research objectives are not the prime objective of this 
translocation but will be completed opportunistically due to the availability of 
the 12 infected frogs.
4. Strategic Directions 
Strategic Directions The proposed transfer supports the Departments Statement of Intent (2006 – 
2009), ten-year outcomes and three-year strategic directions: 
 
Part 2, Section 2.3: Managed threatened species will have a lower risk of 
extinction 
“Managed threatened species is about where the Department is taking action 
to reduce risks and restore species, places and natural ecosystems by 
managing local populations. It is not about the fate of individuals. 
Lower risk of extinction is about reducing the threats to species or subspecies. 
Its immediate effect is often to stabilise or slow the decline rate for the 
managed portion of the New Zealand population, but it may in time, lead to 
species or subspecies recovery. 
 
Part 2, Section 3.7: Species Management 
“Where indigenous species are threatened with extinction (despite best efforts 
to sustain natural environments) the Department intervenes directly to sustain 
them in their natural habitats or, where necessary, removes them to safe 
havens.”   
Management Plans and 
Strategies 
The Draft Native Frog Recovery Plan (Bishop et al. 2005) has several key 
objectives of relevance to the translocation:  
Period Plan Goal 2: At least one population of Archey’s frog is secure from 
identified agents of decline. 
Objective 9.1: Self-sustaining breeding populations of Archey’s frogs are 
residing in captivity. 
Objective 12.4:  One new wild L. archeyi population is established. 
 
There is no site specific management plan for the Pukeokaha Ridge area of 
Pureora State Forest however a Management Plan for Waipapa is to be 
prepared in the next year. 
 
The Waikato Conservation Management Strategy (CMS) includes a number 
of objectives relevant to the translocation.  Key principle 2.3.1 of the CMS 
states: 
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natural resources and threatened significant historic places” 
 
While no objectives for the Raukawa-Rereahu Sub-region specifically refer 
to the introduction of threatened indigenous fauna to the area, this 
translocation is not inconsistent with key objective 6.5.1: 
“To protect and maintain the existing diversity and abundance of 
indigenous forest fauna and flora with their supporting ecosystems” 
Recovery Group The Native Frog Recovery Group supports this emergency translocation and 
has provided advice to assist with the transfer. 
5. Source Population 




The reasons for this translocation are specific to the Whareorino Forest 
Archey’s frog population.
Effects of Removal The size of the Whareorino population is currently estimated to be between 
5,000 and 20,000 individuals. Based on these estimates, the removal of 100 
frogs would equate to harvesting between 0.5% and 2% of the population, 
which is unlikely to significantly effect the source population.  No evidence 
of significant mortality has been recorded and as recently as June 2006, 
limited surveys indicated that the population remains at a harvestable 
abundance. 
6. Establishment of Captive Fauna Populations 
Captive Fauna 
Population 
A captive population of Archey’s frog from the Coromandel and Whareorino 
populations exists at Auckland Zoo.  These frogs were transferred from a 
previous captive breeding population at Canterbury University.  To date, 
captive-bred individuals have not successfully survived beyond six months.  
Therefore, a proportion of the frogs removed in this translocation will be used 
to restock the Auckland Zoo population in a continued attempt to establish a 
self-sustaining population in captivity.
Fauna - Long Term 
Plans 
To maintain a self-sustaining captive population from which it is possible to 
establish new populations in the wild.
7. Establishment of Cultivated Threatened Flora Populations 
Flora – Long Term 
Plans 
This section is not applicable to this translocation. 
8. Release Location 
Legal Requirements Pureora State Forest is a Conservation Park under Section 19 of the 
Conservation Act 1987.   Conservation Park status allows for the release of 
threatened indigenous wildlife. 
Ecological 
Requirements 
To meet Archey’s frog ecological requirements, the following will be 
undertaken: 
 
Temporary Quarantine Facility – Hamilton Zoo (Stage One) and Otago 
University Research Facility – Dunedin (Stage Two) 
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darkened and insulated quarantine room.  Temperature will vary between 8 
and 15°C to replicate conditions in the wild.  They will be kept on damp 
paper towels (cleaned regularly) for the remainder of their isolation with 
refuges provided.  Food will consist of waxworms, crickets, houseflies and 
fruitflies.  Husbandry will follow best practice including methods detailed in 
the Native Frog Captive Husbandry Manual (Webster 2002) and any 
subsequent approved advances in husbandry provided by Auckland Zoo and 
other amphibian husbandry specialists. 
 
Auckland Zoo – long-term captive facility (Stage Two) 
The frogs will be housed together in colonies of up to 10 frogs per tank (2 m 
x 0.75m) on natural substrate with vegetation and refuges (e.g. branches and 
rocks) provided.  Temperature and food regimes will be similar to those listed 
above that are currently implemented by Auckland Zoo.  The facilities and 
husbandry is the same as for the captive Archey’s frog population already at 
Auckland Zoo. Husbandry will continue to follow best practice as stated 
above. 
 
Wild site (Stage Two) 
The Pukeokahu Ridge, Pureora State Forest is a mixed podocarp forest 
ranging in altitude from 700 to 860 metres, has high annual rainfall and 
extensive frog habitat in the form of ground ferns, grasses, logs etc.  
Invertebrate fauna is abundant and Hochstetter’s frog is also present in the 
Pukeokahu Ridge area confirming it is suitable habitat for native frogs.  The 
altitude, climate and habitat at release site suggest it can support a self 
sustaining population of Archey’s frogs.  There is periodic possum control at 
the release site but there currently no ongoing intensive predator 
management.   
Species Distribution 









To date no sub-fossil remains positively identified as Archey’s frog have 
been recovered and as such the pre-historic range of this species is unknown. 
However, Archey’s and Hamilton’s frog skeletons are almost identical 
(except by size) and extensive sub fossil remains of Hamilton’s frog have 
been found in the North and South Island (Newman 1996).  
Pureora State Forest is 70 km east of Whareorino Forest and just outside the 
known historical range for Archey’s frog.  There are no records for the 
species at this site, however Hochstetter’s frog is known from the area. 
Threats 
Management of Threats Threats that could cause the translocation to fail are: 
Captivity 
Chytrid is transferred into captivity:  The frogs will be quarantined for 
three months, where they will undergo a series of non-invasive chytrid tests 
and have their general health monitored.  Strict protocols will be 
implemented to prevent chytrid from being introduced or spread within the 
quarantine population (e.g. dedicated frog handling footwear and clothing, 
frogs kept isolated from each other etc.).  Only healthy frogs that have tested 
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Poor animal husbandry: The Native Frog Captive Husbandry Manual 
(Webster 2002) provides a strict guidelines for all captive management, with 
opportunities for improvements in husbandry to be implemented as 
appropriate (e.g. in consultation with DOC and the Recovery Group).  A draft 
captive maintenance protocol has been prepared for the quarantine period at 
Hamilton Zoo which includes information from experts who have previously 
kept and bred Archey’s frog in captivity.  Staff from Hamilton Zoo have 
visited the native frog facility at Auckland Zoo and received husbandry 
training. 
 
Pukeokahu Ridge, Pureora State Forest (Stage Two) 
Chytrid Infection:  As yet there is no method for detecting chytrid in the 
environment. The presence of chytrid can only confirmed by the positive 
testing of infected frogs.    Disease risk will be minimised at the release site 
by implementing strict hygiene protocols, careful location of the release site 
away from public walking tracks and by only releasing the frogs at a location 
with similar climate and altitudinal range to Whareorino Forest (ie not to a 
warmer site that could theoretically increase the chance of a chytrid fungus 
epidemic).  
 
Predators:  Feral pigs, deer, goats, possum, mustelids, rats and mice are 
likely to be present in the release area. A pig and deer proof fence will be 
constructed to encompass the 400m2 release area to prevent any browsing or 
rooting damage to habitat at the release site.  Control of other predators (in 
particular rats) will only be conducted if resources are available.  It is 
accepted that this translocation site may not afford the most ideal protection 
for this species from introduced mammalian predators, however this site was 
chosen over other sites that have pest control because it was considered more 
important to release the frogs at a site within the Maniapoto Area with similar 




Pukeokahu Ridge, Pureora State Forest is currently outside any targeted pest 
management programmes.  It is however close to the north boundary of the 
Waipapa Ecological Area, which has intensive predator management 
following a pulse management regime.   If predator control cannot be 
undertaken at this site it may reduce the chance of the translocation 
succeeding, compared to a site with predator management.   
Appropriate Security The release site has security of tenure as it is Conservation Park under the 
Conservation Act 1987.
9. Ecological Impacts 
Related Species Hochstetter’s frog is present on Pukeokahu Ridge and interaction between the 
two species is possible.  Both species co-exist in Whareorino Forest and in 
the Coromandel Ranges, however there is no information available whether 
there is extensive inter-specific competition.  There is no evidence of 
hybridisation ever occurring between these species.   One possible risk to 
Archey’s frog from Hochstetter’s frog is the spread of disease.  However, the 
disease status and potential for Hochstetter’s frog to be a vector has not yet 
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While in captivity (both at Hamilton and Auckland Zoos) the frogs will be 
isolated from other indigenous fauna and flora. 
 
Stage Two 
At the Pukeokahu Ridge, Pureora State Forest release site, the interactions 
and impacts of the released Archey’s frogs with other indigenous flora and 
fauna should be minimal.  The most significant interaction will be with 
invertebrate fauna (food source).  There is no existing population of Archey’s 
present at the release site.   
Additional Management 
Requirements 
Stage One:  N/A 
Stage Two:   
There is no requirement for additional management of indigenous fauna as 
part of this translocation.   A proportion of a potential new population could 
be removed at a later date if required, however it is unlikely that every frog 
could ever be recovered.
Restrict Options This translocation could potentially restrict the introduction of weka or kiwi 
to the release area, as both species have the potential to prey on native frogs.  
However, it is highly unlikely these species would be purposely introduced to 
the area because there are suitable managed sites elsewhere in the Maniapoto 
Area focused on these species.  
Introduction of Weeds 
and Pests 
Local protocols for minimising the introducing of weeds will be followed as 
part of this translocation.  There is no risk of introducing animal pests to the 
site as part of this translocation. 
10. Disease Management 
Disease screening The frogs will be held in quarantine for up to a three month period in a 
temperature controlled room within the veterinarian facility at Hamilton Zoo. 
They will be transported in individual plastic bags to the quarantine facility 
and held in separate terrariums during quarantine. The health of each frog 
will be closely monitored and they will be tested three times for chytrid 
fungus during the quarantine period.  Veterinarian advice will be sought if 
any frogs appear unwell.  Options for diagnosis include testing faecal samples 
for parasite analysis and skin swabs for bacteria analysis.  Only healthy frogs 
that have tested negative for chytrid fungus will be released at the wild site 
and the captive population at Auckland Zoo.  
The disease quarantine workbook has been completed (DOCDM-49687) for 
chytrid fungus and wildlife disease experts/veterinarians are in the process of 
being consulted with respect to other potential diseases/health issues.  This 
will be completed for Stage Two.  Husbandry staff at Hamilton Zoo are 
aware of all known health issues and relevant advice will be forward from 
disease experts when received. 
Source Population 
Pathogens 
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All frogs will be isolated from known pathogens while they are held in 
quarantine.   
 
Stage Two: 
Very little is known about native frog pathogens and as yet undetected 
pathogens may be present at the source and/or release location.  At present 
we do not know of any pathogens at the release location that would not be 
present in the source population. It is unknown whether chytrid fungus will 
be present at the release site unless a resident frog population is present to 
enable disease screening.   Chytrid fungus can only be detected by testing 
resident frogs or finding frogs showing symptoms of the disease.  The fungus 
cannot be detected in the environment (i.e. soil, vegetation, water).  
While Hochstetter’s frog is known to be present on Pukeokahu Ridge, a 
search for Hochstetter’s frog in the stream closest to the release site revealed 
no frogs.   Due to the short timeframe between release site selection and 
release of the frogs an extensive disease survey of any resident Hochstetter’s 
frogs is not possible.  Therefore chytrid screening has not been undertaken at 
the release site prior to release.  However, disease screening of the new 




The most significant risk to the release population would be the introduction 
or spread of pathogens to the release site.  Strict hygiene protocols are 
implemented in Whareorino Forest to minimise this risk and will be used 
during the translocation and at the release site.  Standard protocols are as 
follows: 
x All gear (boots, packs, rainwear etc) and equipment is cleaned and 
disinfected, and clothing washed, prior to entering and upon leaving 
native frog habitat. 
x Boots are cleaned and disinfected daily while working in native frog 
habitat and before entering frog monitoring sites if the boots were 
worn elsewhere in the forest that day. 
x Any frog handling equipment is sterilised prior to use if in contact 
with frogs. 
x A new pair of unpowdered nitrile gloves are used for each frog 
handled and frogs are held separately when captured for monitoring. 
The quarantine facility will be managed using strict quarantine procedures to 
avoid the introduction of pathogens from outside the facility and the spread of 
any pathogens brought into the facility with the frogs. 
If any frogs infected with chytrid fungus are collected, then they are likely to 
be identified during the quarantine period.  These frogs will be removed, 
thereby ensuring that only healthy frogs are transferred to a new location. 
 
11. Translocation 
Results of Past 
Translocations 
Archey’s frog has successfully been translocated into captivity on several 
occasions in the past: 
x Archey’s frogs from Coromandel and Whareorino were transferred into 
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University in the early 1990’s.  
x Archey’s frog from Coromandel was transferred into captivity by Dr 
Bruce Waldman (Canterbury University) between the late 1990’s and 
early 2000’s. 
x Archey’s frog from Whareorino Forest was transferred into captivity at 
Canterbury University by Waikato Conservancy staff in 2002. 
x Archey’s frogs from Whareorino Forest and Coromandel were 
transferred from captivity at Canterbury University to captivity at 
Auckland Zoo in 2004 and 2005. 
A wild to wild translocation has not been attempted for this species, but has 
been successfully completed for other Leiopelma species: 
x Maud Island frog was transferred to a new habitat on Maud Island in 
1984 and 1985 (Bell et al. 2004). 
x Hamilton’s frog was translocated to a new location on Stephen’s Island in 
1992 (Brown 1994). 
x Maud Island frog was transferred to Motuara Island in 1997 (Tocher 
2005). 
x Maud Island frog was transferred to Long Island in 2005 (Germano pers. 
comm.). 
x Hamilton’s frog was transferred to Nukuwaiata Island in 2004 and 2006.
Transfer Design 
Composition A specific range of size classes will be collected to maximise the chance of 
obtaining a 50:50 sex ratio and to minimise the chance of collecting aging 
frogs.  Archey’s frog cannot be sexed reliably in the field however females do 
grow larger than males.  While adult frogs also cannot be aged, collecting 
sub-adult frogs will ensure young animals are included in the new population. 
To maximise genetic diversity, 50 frogs each will be collected from northern 
and southern areas of the population.    
The composition of the collection and release populations are listed in the 
tables below.  It is assumed that 25-29 mm snout vent length (SVL) frogs will 
have a male bias and include sub-adult frogs, and ≥ 30 mm SVL frogs will 
have a female bias.  Frogs less than 25 mm in length will not be collected due 
to the low survivorship in captivity of frogs in this size class recorded from 
captive Whareorino population transferred into captivity in 2002.  
Collection Composition:  
 North South Total (# ♀) (# ♂) 
25-29 mm SVL (male bias) 30 30 60 (20) (40) 
30-34 mm SVL (female 
bias) 
14 14 28 (18) (10) 
≥ 35 mm SVL(females) 6 6 12 (12) (0) 
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Proposed Release Composition New Wild Population (Stage One) 
 North South Total (# ♀) (# ♂) 
25-29 mm SVL (male bias) 26 26 52 (18) (34) 
30-34 mm SVL(female bias) 11 11 28 (14) (8) 
≥ 35 mm SVL(females) 5 5 12 (10) (0) 
Total 42 42 84 (42) (42) 
 
Actual Release Composition New Wild Population (Stage Two) 
 North South Total 
All frogs 39 32 71 
 
Transfer Composition Auckland Zoo 
 North South Total (# ♀) (# ♂) 
25-29 mm SVL(male bias) 4 6 10 (3) (7) 
30-34 mm SVL(female bias) 1 4 5 (3) (2) 
≥ 35 mm SVL (females) 1 0 1 (1) (0) 
Total 6 10 16 (7) (9) 
Transfer Composition Otago University 
 North South Total 
All frogs 7 5 12 
 
Threshold of Success N/A 
Dispersal Based on wild to wild translocations of other Leiopelma species, some 
dispersal is expected.  Hamilton’s frogs have displayed homing behaviour by 
returning some 70 metres to their original site.  However, it is predicted that 
the quarantine period and large distance between the source and the release 
site will minimise such behaviour.  Furthermore, Archey’s frog is considered 
to have small home ranges so once frogs have settled it not expected they 
would move far from the release site. 
Recent research (Germano pers. comm.) on a Maud Island frog translocation 
to Long Island found: 
x Release of frogs with neighbouring frogs had some effect on dispersal 
immediately after release but had no effect on the final locations of frogs 
eight months after release. 
x Frogs tended to move downhill of the release site. 
x There was no indication that frogs attempted to home in the direction of 
their original site (many kilometres away). 
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be expanded to detect individuals that moved out of this area if this is 
considered necessary, e.g low number of individuals detected within the 
release area. 
Transfer Methods 
Methods Stage One:  Completed. 
Collection of frogs: 
x The 100 frogs will be collected on two subsequent day trips into 
Whareorino Forest; 50 frogs per day. Frogs will be collected on a third 
day if required to make up numbers. 
x Frogs will be collected from six sites.  Three teams of experienced frog 
searchers will collect frogs from different sites each day.  Frogs will be 
collected in the southern area of frog habitat on day one and in the 
northern area on day two.   
x The composition of age classes collected each day, as specified in the 
“Composition” section of this proposal, will be spread evenly between 
collection teams. 
x The teams will attempt to keep in radio or cell phone contact with each 
other to ensure the required number of frogs in each size class are 
collected.  
x Only frogs that fit into the required size class, appear healthy and are 
rated 3+ on a “fatness” scale where 1 is emaciated and 5 is gravid will be 
collected.  Skinny or ill looking frogs will not be collected.  A guide will 
be provided for the collection team to ensure consistency in collection. 
x Once located, frogs will be captured either straight into a numbered 
plastic bag or with nitrile gloves and then placed into plastic bags with a 
damp scrunched up paper towel.  Notes will be taken on the source 
location (GPS), retreat site, size class, general condition of each frog and 
whether it was found with another frog or frogs.  The size class will be 
accurately measured once the frog has been placed in a plastic bag.  The 
plastic bags will then be placed into small chilly bins containing chilly 
pads and newspaper.  
Transfer of frogs: 
x Chilly bins will be put into back packs and carried out to the vehicle. 
x Once at the vehicle the frogs will be packed into larger chilly bins, also 
containing chilly pads with newspaper, for transportation by vehicle.  
Thermometers with be placed in the chilly bins to ensure the internal 
temperature of the bins does not exceed 10 degrees C.  Spare chilly pads 
will be held in a separate bin for use if required. 
x The chilly bins will be driven from Whareorino Forest to the quarantine 
facility at Hamilton Zoo, where the frogs will be transferred into a 
temperature regulated room.  
x For logistical reasons the frogs will be held in their plastic bags over 
night in the temperature controlled room.  The following morning 
individual frogs will be weighed and measured before being released into 
individual quarantine terrariums where they will remain for the following 
two to three months.   
x Strict hygiene protocols will be followed during the collection as detail in 


























Department of Conservation    
Translocation Proposal   
This copy printed on 23/06/2017 Page 14 of 34         Archey's Frog Translocation Proposal 2006 FINAL VERSION 
cleaned between collection trips or separate bins and chilly pads will be 
used for each collection day. 
 
Methods (continued) Stage Two: 
x The frogs will be transferred to the final wild release site, Auckland Zoo 
and Otago University using the same methods described above.  That is 
individually transported in plastic bags/or containers inside chilly bins 
packed with cooler pads and newspaper. 
x The frogs travelling to the wild release site and Auckland Zoo will be 
transported by road with accompanying staff. 
x The frogs travelling to Otago University will be transported by road to 
Auckland and by air from Auckland to Dunedin by Dr Phil Bishop. 
x For safety and logistic reasons frogs will be released at the wild site by 
hand during the day and encouraged to seek a suitable retreat site. 
x The frogs transferred to Auckland Zoo will be collectively housed in 
glass tanks (2m x 0.75 m) with leaf litter, logs and rocks, according to the 
currently captive husbandry set up at this facility. 
x The frogs transferred to Otago University will be individually house in 
terrariums (as described for the Hamilton Zoo quarantine) held under 
quarantine conditions. 
Contingency Plan Several issues have been considered as part of the contingency planning for 
this translocation. 
 
1. Less than 100 frogs collected/or a significant number of frogs die or test 
positive for chytrid fungus during quarantine: 
x Highest priority will be afforded to establishing a second wild 
population, i.e. frogs will be released at a wild site before 
supplementing the existing captive population. 
x Should insufficient frogs be available to establish a new wild 
population then the options considered will include: 
 Supplement the existing captive population. 
 Establish a second captive population at a new location. 
 Return surplus collected frogs to the source population. 
 
2. A large proportion of the 100 frogs test positive for chytrid fungus and 
cannot all be transferred to Otago University: 
x Should this occur expert advice will be sought and the available 
options reviewed. 
 
3. Quarantine period extended by unforeseen circumstance/events: 
x A one month contingency period has been added to the two months 
required for quarantine purposes. 
x Should quarantine extend beyond three months the contingency 
options include : 
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 Continue to hold frogs in quarantine for up to six months 
pending funding.  
 Return all collected frogs to the source population. 
Contingency Plan 
(continued) 
4. Release sites not available or unsuitable: 
In the circumstance where none of the three preferred wild release sites are 
available as translocation destinations, contingency options include: 
x Establish a new wild population locally at a site with suitable habitat 
and with provision of adequate predator control (e.g. Southern end of 
Herangi Range with intensive predator control or 
Waipapa/Mangatutu with intensive predator control). 
x Seek urgent funding to establish a second captive population at a new 
location. 
x Return all collected frogs to their respective source sites (Whareorino 
Forest Frog Management Area), after supplementing the existing 
captive population. 
 
In addition to the above contingencies, if the frogs fail to establish in the 
captive facility or wild release site, the method of translocation, chosen 
release site and captive husbandry methods will be reviewed.   
12. Monitoring and Post Release Management 
Refer to Chapter 6 
Monitoring Programme Stage One: 
Quarantined frogs will be monitored daily (visual checks) and weekly 
(weights, checks in the hand) for signs of chytrid infection or other illness.  
Three chytrid swabs will be collected from each frog over a period of six 
weeks.  Sampling dates are 13 and 14 September, 27 and 28 September and 
11 and 12 October 2006.  Results are expected within 10 days of sampling.  
Other health monitoring, such as bacteria swabs or gram stains, will be taken 
as and when required to monitor or diagnose health issues. 
Stage Two: 
Prior to release each frog will have a photo taken for identification during 
post release capture recapture monitoring.  Frogs will be monitored closely 
immediately after release and in the first year.  Immediately post release frog 
emergence will be monitored the first night, first week and first month post 
release.  Following that, capture- recapture monitoring will be completed 
three months post release and then every 12 months thereafter.   
Capture recapture methods will produce reliable estimates of population size 
from each monitoring trip and survival and recruitment between trips.  
During each trip, a photograph (for identification), the size, weight and 
location of each individual frog captured will be recorded along with relevant 
weather and site conditions.  Emergence monitoring will record the 
proportion of frogs emerged at the release site on any one night and provide 
an indication of presence/absence at the site and a means to survey for any 
evidence of frog mortality or illness. 
Frogs transferred to Auckland Zoo and Otago University will be monitored 
daily, weekly and monthly for signs of ill health and breeding in accordance 
with normal health checks currently implemented for the existing captive 
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Post Release 
Management 
The captive populations will be managed according to the Native Frog 
Captive Husbandry Manual (Webster 2002) and best practices currently 
implemented by Auckland Zoo.   
Pest control targeting rats may be carried out over a 300 m grid centred on 
the release site and a pig and deer exclusion fence will be construction around 
the 400m2 release site to aid establishment of the new population.  The extent 
of this management will be determined by the availability of resources within 
Maniapoto Area. 
13. Consultation and Community Relations 
Tangata Whenua Due to the relatively short time frame a comprehensive consultation process 
was not possible.  However, communication and dialogue has been 
undertaken throughout the translocation planning process. 
Maniapoto Area Office staff have been in contact with local iwi who have 
rohe over the northern section of Whareorino Forest. The iwi hold strong 
association with this frog population and are passionate about helping ensure 
the long term survival of the population.  While they are unsure about 
transferring the frogs from their source location they have expressed a strong 
desire to be closely involved in the transfer. 
Maniapoto Area Office has also been in communication with the Southern 
iwi group. 
 
Iwi will participate on the collection day in their respective rohe if available. 
 
Stage Two (release) 
It is anticipated that local iwi will be involved with the final release of the 
frogs to their new location and the transfer to Auckland Zoo.  Iwi will be 
invited to attend the frog release.  Their involvement will depend on their 
availability. 
 
The two iwi groups are: 
x Northern Iwi –  Hauuru Ki Uta Regional Management Committee, 
Kinohaku H1B1 H1B2 family trust and the Marakopa Marae 
x Southern Iwi – Mokau Ki Runga Regional Management Committee.
Affected and Interested 
Parties 
Identified affected and interested parties are: 
x Tangata whenua 
x Native Frog Recovery Group  
x Auckland Zoo native frog keepers and veterinarian staff 
x Dr Richard Norman 
 
See above for Tangata Whenua consultation. 
 
The project leader has been in close contact with both leaders of the recovery 
group (Dr Avi Holzapfel and Dr Phil Bishop) who have provided technical 
advice for this transfer.  Other members have provided advice and support as 
requested, particularly Dr Ben Bell (Victoria University).  Results of the 
translocation will be communicated to the group in an annual report. 
There has also been communication with frog husbandry staff at Auckland 
Zoo with respect to receiving additional frogs into their captive facility, 
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advice. 
Dr Richard Norman, wildlife pathologist at Massey University has provided 
advice with respect to post mortem diagnosis of chytrid infection. 
Dr Kate McInnes (Wildlife Health Coordinator, DOC) has also provided 
advice in respect of this translocation.
Public Participation Participation is unlikely to extend beyond essential staff, iwi representatives 
and scientific advisors.   These people will be involved with the collection 
and transfer of the frogs.  Iwi will be involved in all stages of the transfer 
they wish to. 
 
There are few opportunities for public participation in the transfer due to the 
strict hygiene protocols required for field collection and release and the need 
for assistants with either frog or wildlife handling experience.  Several 
experienced volunteers known to staff will be involved with the field 
collection. 
Public Relations Frog declines linked to chytrid fungus have had some media coverage both in 
New Zealand and overseas.  This translocation could therefore hold some 
interest for the media.  The translocation of Archey’s frog into captivity in 
2002 generated some negative media coverage that was politically motivated.  
This translocation also provides an opportunity to tell a good news 
conservation story and to spread the message about disease risks to native 
frogs.  At this stage due to negative publicity mentioned above any media 
coverage will be carefully managed by the community relations and technical 
staff.  A media campaign has not been planned for Stage One.  Any media 
coverage of Stage One is likely to be small scale and be generated after the 
frogs have been collected or in response to media enquiries.  
A media release will be generated for the release if deemed appropriate.
14. Budget 
Refer to Chapter 3 
Business Plan (DOC 
proposals only) 
The translocation is not in the work plan or business plan because it is an 
emergency translocation. 
Resources Required See below 
 
Description Budget Source 
List specific items 
approved in budget. 
Give budgeted cost for each item in 
description. 
Indicate source of funding for items 
in the description  
Resources for Collection $  
Transfer equipment 300.00 6307124305 
Wages 2000.00 6397124306 (Frog Ecologist) 
6307124301 (TSO Fauna) 
6304124306 (MAO) 
Transportation 200.00 6307124305 
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Shelving 1600.00  
General equipment 1000.00  
Technician Time 6,500.00  
Facility Rental 2,400.00  
Food 3,600.00  
Vet services 800.00  
TOTAL 17,000.00 6307124305 
Disease screening 17,500.00  
300  medical swabs 360.00  
300 chytrid tests 16,500.00  
Additional labour  640.00  
TOTAL 17,500.00 6307124305 
Release site   
Build pig and deer 
exclosure at site 
5,000.00  
Monitoring/Pest Control 4,500.00  
Transportation 500.00  
TOTAL 10,000.00 6307124305 
TRANSLOCATION 
TOTAL 
47,000.00 As above 
15. Permits and Approvals 
Permits and Approvals The capture, holding, removal and release of absolutely protected wildlife 
will be carried out by staff in the course of their authorised management. 
No marking of frogs is anticipated in this proposal. Animal ethics approval 
will be required for any research carried out by Dr Phil Bishop.  This 
approval will be managed through the University of Otago ethics committee 
and will be required as a condition of permit (see below). 
A permit is required by Hamilton and Auckland Zoo to hold Archey’s frog in 
captivity.  Auckland Zoo currently holds such a permit and Hamilton Zoo 
will be issued a temporary permit to hold Archey’s Frog in captivity for the 
quarantine period.  This permit is currently being processed. 
Research, transfer and captive holding permits are required for Dr Phil 
Bishop to conduct disease research on the 12 Archey’s frogs infected with 
chytrid fungus.  A research permit application has been received from Dr 
Bishop and permits will be issued by 30 November 2006.  Copies of the 
permit application and permits are provided in Appendices One and Two. 
 
16. Specialist Advice 
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people were contacted for advice.  They include Peter West, Dr John Potter, 
Dr Richard Jakob Hoff and Andrew Nelson (Auckland Zoo), Dr Phil Bishop 
(Otago University), Dr Ben Bell (Victoria University), Dr Kate McInnes 
(DOC), Dr Alex Hyatt (CSIRO Australia), Dr Rick Speare (James Cook 
University, Australia), Leigh Marshall (DOC) and Tertia Thurley (DOC). 
Recovery Group The recovery group has been involved with technical discussions and detail 
of this translocation.  All members support this translocation but due to the 
limited time available there has not been an opportunity for members to peer 
review this document.  Co-leader Dr Avi Holzapfel has commented on and 
supports this proposal.  
Legal The Conservancy solicitor has not been asked to consider any legal 
implications as none have been anticipated.
17. Concurrence 
Refer to Chapter 6 
Concurrence of Affected 
Conservancy/ies 
N/A for Stage One 
 
Auckland Conservancy has been notified of the frogs being transferred to 
Auckland Zoo and have indicated they do not need to provide concurrence to 
this proposal. 
 
Dissenting Views N/A 
RGM Concurrence RGM (Northern) Concurrence is not needed for Stage One, however the 
RGM is required to be informed of Stage One and as such will be informed 
prior to the collection of the frogs from the wild. 
 
RGM (Northern) concurrence is needed for Stage Two of this translocation 
because Archey’s frog will be released at a site where there are no historical 
records for this species. 
 
Due to the emergency status of this translocation concurrence will be sought 




This translocation proposal is  Approved / Not Approved 
 
Lead Conservators Name:   
 
Signature:   
 
Date:   /  / . 
 
The Lead Conservator may request that the RGM approve the proposal because of the nature of the 
issues e.g. highly contentious. In this case the Lead Conservator is to send a cover note to the RGM 
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Appendix One:  Disease Research Priorities 
 
 
Summary of Archey’s frog (Leiopelma archeyi) chytrid fungus research priorities  
 
 
Proposed by:  Dr Phil Bishop, Otago University 
 
Endorsed by:  The Native Frog Recovery Group 
 





 The Department is planning an emergency translocation of Archey’s frog to establish a 
new wild population, in response to chytrid fungus being recently detected in the Whareorino 
Forest population2.   The translocation will include a temporary captive phase where all frogs will 
be screened for chytrid fungus3 three times, and monitored for any other health concerns, over a 
three month quarantine period.  To minimise the risk of introducing an unwanted pathogen to the 
release site and to maximise the success of the translocation, frogs that test positive for chytrid 
fungus, will not be released into the wild4.  The most plausible fate of these animals is considered 
to be either euthanasia or disease research.  
The Department of Conservation and the Native Frog Recovery Group have agreed that 
any Archey’s frogs which test positive for chytrid fungus during the quarantine phase of the 
Archey’s frog emergency translocation should be used for chytrid fungus research rather than 
euthanised.  The basic rationale being that such frogs constitute a valuable resource for research 
into chytrid fungus disease in New Zealand’s native frogs. 
 
Proposed Research 
A summary of priority research investigations have been proposed by Dr Phil Bishop from 
Otago University.  These research objectives are summarised in a suggested order of priority 
below.  This priority order has been established based on initial feedback from the Native Frog 
Recovery Group. 
The investigation details and final completion of this research is dependent on frogs 
becoming available for research.  It is unknown how many, if any, Archey’s frogs could be made 
available for research as part of the translocation.  For these reasons only a summary of proposed 
research investigations have been completed.  It is anticipated should frogs become available for 
research that a more detailed investigation will be provided by the researcher. 
 
Priority one 
                                                 
2 Further information about the translocation and the chytrid fungus threat can be obtained from the Waikato 
Conservancy Office, Department of Conservation. 
3 Using quantitative P.C.R conducted by Dr Alex Hyatt’s lab, CSIRO, Australia. 
4 The appropriateness of releasing any frogs that develop other health problems while in captivity will be assessed 
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Investigate the susceptibility of Archey’s frog to chytrid fungus. 
x Monitor Archey’s frogs  through chytrid fungus infection 
x Isolate a NZ strain of Batrachochytrium dendrobatidis 
x Investigate the level of infection on individual frogs over time: 
o does the level of chytrid infection increase/change in the frog over time? 
o can a frog have a sub-clinical dose that requires continuous recruitment from the 
environment to become lethal? 
x Examine direct causes of mortality in Archey’s frogs infected with chytrid fungus: 
o does chytrid fungus kill the frog? 
o does chytrid fungus make the frog more susceptible to other infections? 
 
Priority two 
Investigate the transmission effects between the host and the environment. 
x Examine methods for detecting chytrids in terrestrial substrate that has been occupied by 
infected Archey’s frogs. 
x Examine how chytrids can be spread through terrestrial substrates 
x Determine if chytrid-infected substrate is able to infected ‘clean’ frogs 
 
Priority three 
Investigate methods for curing Archey’s frogs infected with chytrid fungus. 
x Experimentally trial the use of fungicides to treat chytrid infected Archey’s frogs.   
 
Research Completion 
On completion of any research, options for captive maintenance of any surviving Archey’s 
frogs will be explored.  In the event that a captive facility is not available then euthanasia will be 
considered.  Should a successful “cure” be developed for Archey’s frogs, then the fate of “cured” 
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Applicants are required to cover the costs of processing their application. A processing fee deposit of $250 
(including GST), is payable in advance. The Department will consider your application and supply you 
with an estimate of further charges that may be incurred to process your application. Application 
processing fees are not refundable if your application is unsuccessful. 
 
Applicants will be advised if further information is required before this application can be fully 
processed by the Department. The Department recommends that the applicant contact the relevant 
Conservancy Officer to discuss the application prior to filling in this application form. 
 
National Permit Number: WK-19818-RES 
Office Use Only Application processing fee deposit $ NIL   
  
 
A. The Applicant 
 
Applicant (company/individual in 
full) 
Dr Phil Bishop 
 
Legal Status 




Research Institute University of Otago 
 
Contact Person Dr P J Bishop 
 
Postal Address Department of Zoology, PO Box 56, Dunedin 9054 
 




B. The Area 
 
Describe the areas of your operation in detail (eg track names and hut names) and attach map. 
Identify the status of the area(s) (ie national park, conservation area, forest park, recreation reserve 
Department of Conservation 
Te Papa Atawhai 
High Impact, Research and 
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etc). If you are unable to identify the areas or you do not know them, seek the assistance of 
departmental staff. 
 
The frogs were caught by DOC employees in Whareorino and the diseased ones will be couriered to me 
i.e. I am not involved with their collection. 
 
 
C. Details of Proposed Activity 
 
What is the proposed activity? Include details of the reason for the collecting or undertaking research. 
(Append a copy of the research outline. Include FORST programme reference if applicable.) 
 
Chytrid fungus disease research – 
These research objectives are summarised in a suggested order of priority below.  This priority order 
has been established based on initial feedback from the Native Frog Recovery Group and in 
consultation with Prof Rick Speare (chytrid expert from JCU, Australia). 
 
Investigate the susceptibility of Archey’s frog to chytrid fungus. 
x Monitor Archey’s frogs  through chytrid fungus infection  
x Isolate a NZ strain of Batrachochytrium dendrobatidis  
x Investigate the level of infection on individual frogs over time: 
o does the level of chytrid infection increase/change in the frog over time? 
o can a frog have a sub-clinical dose that requires continuous recruitment from the 
environment to become lethal? 
Investigate methods for curing Archey’s frogs infected with chytrid fungus. 
x Experimentally trial the use of anti-fungal agents to treat chytrid-infected Archey’s frogs.   
Investigate if cured frogs are resistant to re-infection with Batrachochytrium dendrobatidis 
x After frogs have been ‘cured’ determine if they have become resistant to re-infection with B. 
dendrobatidis 
 
On completion of any research, we have the facilities to maintain all of the surviving Archey’s frogs.  
Should a successful “cure” be developed for Archey’s frogs, then the fate of “cured” frogs will require 
further assessment at that time.  These frogs after a sufficient monitoring period could be used to 
supplement the captive breeding populations at Auckland Zoo. 
 
 
Please describe the methods of research.  
 
x Monitor Archey’s frogs through chytrid fungus infection – the 12 individuals will be kept in 
individual plastic containers (similar to the ones that have successfully housed individual Maud 
Island frogs over the last 5 years), with damp paper towel in a quarantine room.  This room is part 
of a state-of-the-art Animal Suite and is temperature controlled at 15C with a central alarm and the 
frogs will be kept under blackout curtain simulating the light conditions under a log on the forest 
floor.  These frogs will be fed with crickets, waxworm larvae, flies and small locusts once a week 
and monitored on a daily basis.  During the monitoring the frogs will be visually examined using 
dim light through the transparent sides of the box.  Once a week they will be weighed and examined 
for physical or behavioural symptoms of chytridiomycosis.  Any frogs that die over this time will 
initially be examined by Prof Rick Speare and then be sent to Richard Norman for post-mortem 
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becoming greater. 
x Isolate a NZ strain of Batrachochytrium dendrobatidis – we will take swabs and skin samples (non-
invasively) from the frogs to grow the chytrid fungus in culture to isolate a strain from a native NZ 
frog.  Non-invasive skin samples can be obtained by finding an area on the frog where the skin is 
starting to slough (frogs slough their entire skin every 3-4 days) and this can be collected directly 
from the frog without any negative effects.  Essentially it is similar in human beings to rubbing off 
old dry skin when you haven’t used moisturiser. The NZ strain of B. dendrobatidis can be compared 
to strains of chytrids from around the world and will be used in the reinfection trials below. 
x Investigate the level of infection on individual frogs over time: 
Swabs would be taken from the frogs’ skin every week (in accordance with the DOC swabbing 
protocol) and analysed using quantitative (Real Time) PCR for the first month to determine 
quantitative changes in infection.  If stable, the swabs would be reduced to being taken only once 
every other week. 
 Investigate methods for curing Archey’s frogs infected with chytrid fungus. 
Experimentally trial the use of fungicides to treat chytrid infected Archey’s frogs.  An antifungal 
compound has been identified that is highly effective at killing B. dendrobatidis in culture.  This 
compound has been used extensively in the past in humans and other animals and appears to be safe 
in frogs at therapeutic doses.  We would identify the most heavily infected frog (using PCR) and 
start to treat this animal with the compound (either systemically or by immersion – method to be 
determined using introduced frogs).  The frog would be monitored closely during this time for 
behavioural or physical signs of chytridiomycosis and it would be swabbed once a week to 
determine the level of B. dendrobatidis.  If the frog appears to be negative for B. dendrobatidis or 
significantly reduced (using Real Time PCR) after one month then further frogs would be treated 
using the same method in a staggered sequence. 
x Investigate if cured frogs are resistant to re-infection with B. dendrobatidis 
If frogs were able to be cured it would be important to determine if they have now become resistant 
to further infection.  ‘Cured’ frogs would be inoculated with a standard dose of B. dendrobatidis (5-
10,000 zoospores using the NZ strain isolated above) and the infection level would be monitored by 
observing clinical signs and weekly quantitative PCR.  If the frogs do become infected again then 
they will be treated with the antifungal compound to effect a cure. 
 
x To determine if chytridiomycosis can be transmitted via the substrate 
The paper towels used in the boxes that house individual Archey’s that are infected with B. 
dendrobatidis will be changed on a weekly basis.  These potentially infected towels will be placed 
in other plastic boxes containing disease-free Litoria ewingii.  These introduced frogs will be 
monitored over a period of time using PCR, histology and observational methods to determine if 
they can be infected from potentially infected substrates. 
 
See Appendix for a more detailed proposal that was endorsed by the Native Frog Recovery Group in 
September 2006. 
 
Purpose of collecting/research Research   Educational  Commercial 
Use 
 
       
Type of material to be collected/researched Leiopelma archeyi (Archeys frog) 
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How many people are involved in the 
research activity?  (please provide names of 
the field staff or assistants  involved in the 
research) 
DOC will be collecting the frogs 
  





      
 
 
Method of transportation to the site Courier/Road transport from Hamilton to Auckland (to 
be arranged by Amanda Smale). Carried by Phil Bishop on 
Air NZ from Auckland to Dunedin, road transport in 
private vehicle from Dunedin Airport to Zoology 
Department. 
  
Will any of the material be used for genetic modification outside of gene sequencing 
for taxonomic purposes? (if yes, please attach ERMA application) 
No 
  
Will any of the material or its DNA be leaving New Zealand? (yes/no) No 
  
If yes where will the sample be stored?  
  






D. Identification of Actual and Potential Effects of Proposed 
Activity 
 
Please describe the direct and indirect effects that your proposal will have on the following 
conservation values.  Failure to complete this section may result in a decline of your application. All 
activities have effects.  
 
Describe the effect of your activity on the species or its habitat 
Only frogs infected with chytridiomycosis will be sent to Otago University.  It is hoped that by studying the 
pathogen within these native frogs we will gain a better understanding of the disease process, potential 
cures and its significance in the conservation management of all Leiopelma species. 
 
Natural waterways or bodies of water? 
N/A 
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N/A as frogs will be collected by experienced DOC staff 
 
Disturbance to soils, wetlands or any other natural feature either during the initial start-up phase or on 
an ongoing basis? 
N/A as frogs will be collected by experienced DOC staff 
 
 
Wildlife species either within or near the area where you want to operate? eg kea 
N/A as frogs will be collected by experienced DOC staff 
 
Historic or archaeological sites? 
N/A 
 
What other visitor will be present?  Describe the effect of your activity on other visitors, whether they 
are on commercial tours or a private visit?  
N/A as frogs will be collected by experienced DOC staff 
 
What aspects of your activity will be visible from within or adjoining the areas where you want to 
conduct your activity (please explain)? 
N/A as frogs will be collected by experienced DOC staff 
 
Is it possible that your activity will introduce weeds, including lake weeds, or seeds of weeds into the 
area (please explain)? 
N/A as frogs will be collected by experienced DOC staff 
 
What is the risk of fire from your activity (please explain)? 
N/A as frogs will be collected by experienced DOC staff 
 
What noise will be caused by your activity (please explain)? 
N/A as frogs will be collected by experienced DOC staff 
 
Is there any aspect of your activity that will effect current or future public access to the area (please 
explain)? 
If it is shown that chytrids can be easily transmitted via the substrate and that this disease is a major agent 
in the decline of native frog species then there may be good reasons to limit or regulate public access to 
areas that contain native frogs. 
 
What effects will your activity have on plants, animals or sites of traditional importance to Maori and 
who have you consulted over this matter? 
N/A as frogs will be collected by experienced DOC staff who have already consulted with the relevant iwi. 
 
Will your activity have any positive effects on natural or historic values (please explain)? 
The research of diseased frogs will have significant benefits in their conservation. 
 
Will your activity promote understanding of conservation (please explain)? 
Yes, as chytridiomycosis is thought to be a major agent of decline in frog species, a thorough 
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of frogs.  
 
 
E. Measures to Avoid, Remedy or Mitigate 
 
Where you identified actual or possible adverse effects in your description, please also describe the 
actions you propose to take to avoid, remedy or mitigate those effects. 
 
Example: Weeds may be introduced on sampling equipment. Proposed action to avoid this: washing of 
sampling equipment before arriving in sampling area. 
 
N/A as frogs will be collected by experienced DOC staff 
 
 
Thank you for your application. Please ensure that: 
 
* You have attached any maps, plans and additional information relevant to your application. 
* Your application processing fee deposit of $250 plus $100 (including GST) per additional conservancy is 
included with your application. 
 
If you have any queries on the application process, please contact the nearest Conservancy 
Office of the Department of Conservation. 
 
I certify that the information provided on this application form and attached additional 
information is to the best of my knowledge true and correct: 
 
Signature of Applicant 
 
 Dated: 15 November 2006 
    
Signature of Witness   Dated:  
    
Address of Witness  
 
This application is made pursuant to sections 17R and 17S of the Conservation Act 1987 [and (where 
applicable) section 49 of the National Parks Act 1980/Section 59A of the Reserves Act 1977]. 
 
All costs relating to the application are payable by the applicant to the Department of Conservation 
(see section 60B of the Conservation Act 1987). 
 
Applicants should be aware that provisions of the Official Information Act may require that some or 






Her Majesty the Queen, acting by and through the Minister of Conservation (the Grantor) 
GRANTS to the Applicant a Permit under Section 53 of the Wildlife Act 1953 for the purpose 
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1. The Permittee shall pay the Concession Fee (GST inclusive) of $NIL, together with the 
application processing fee deposit in advance to the Grantor in the manner directed by the 
Grantor. 
 
2. The Permittee shall contact the local Area Manager prior to collecting in the area, in particular 
to ascertain any “no-go” areas, which may include areas of concern to tangata whenua. 
Permission to cross private land shall be obtained from the landowner prior to the conduct of 
this activity. 
 
3. This Permit does not confer on the Permittee any interest in the Site, nor does it derogate in 
any way from the rights of the public to use and enjoy the whole or any part of the Site. 
 
4. The Permittee shall indemnify the Grantor against all claims by any person in respect of any 
injury, loss or damage (including fire damage) caused by or arising out of any act or omission of 
the Applicant, its servants, agents, contractors, clients or invitees, or otherwise caused as a 
consequence of its use of the Site or as a result of the conduct of the concession activity. 
 
5. The Permittee shall operate the collecting activity in a safe and reliable manner and shall comply 
with all statutes, bylaws and regulations, and all notices and requisitions of any component 
authority relating to the conduct of the collecting activity. 
 
 (a) The Concessionaire shall prepare a contingency plan for dealing with any mishap that 
may occur during the operation of collecting activities under this permit, including the 
recovery of sick or injured persons. 
 
 (b) The Permittee acknowledges that the Grantor accepts no responsibility for the safety of 
the Permittee. 
 
6. The Permittee shall not erect or bring onto the Site(s) (or any other land administered by the 
Grantor) any structure, install any facility, or alter the Site(s) in any way without the prior 
written consent of the Grantor). 
 
7. The Permittee shall not, unless authorised in writing by the Grantor, interfere with, remove, 
damage, or endanger the natural features, animals, plants or historic resources in any area 
administered by the Grantor, or bring any plants or animals to the Landing Site(s), or deposit 
debris, rubbish, or other dangerous or unsightly matter, or contaminate any body of water. The 
Applicant shall ensure that its clients and invitees do not carry out any acts prohibited under 
this clause. 
 
8. The Permittee shall not transfer, sublet, assign or otherwise dispose of the interest granted by 
this Concession. 
 
9. The Grantor may terminate this Concession if the Permittee breaches any of the terms of this 
document or if the activity causes any unforeseen or unacceptable effects to the Grantor. 
 
10. The Permittee shall comply with all reasonable notices and directions of the Grantor 
concerning the activities conducted by the Applicant on land administered by the Grantor. 
While conducting this activity, the Permittee shall carry this permit with them at all times. 
 
11. Use of aircraft in support of the Concession Activity is subject to separate approval. Vehicles 
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12. The Permittee shall take all waste and rubbish out of the Site and dispose of it in an 
environmentally sound manner away from public conservation lands. The Permittee must 
adhere to the Environmental and Water Care Code while conducting the activity, attached 
hereto. 
 
13. Samples are to be collected away from tracks, huts, picnic areas or areas of high public use and 
as far as practicable, out of sight of the public. Wherever practicable, the Permittee shall use 
access routes to the collection areas that avoid damage to natural features. 
 
14. The Permittee shall not collect samples from biologically sensitive areas, or in such quantities 
that the taking would unduly deplete the population or damage any other ecological 
associations. 
 
15. All material collected shall remain the property of the Crown. The Permittee shall comply with 
any reasonable request from the Grantor or tangata whenua for access to any of the collected 
samples. Any surplus material is to be stored and the Department of Conservation is to be 
consulted on ultimate disposal of such material. 
 
16. The Permittee shall not donate, sell or otherwise transfer to any third party any material, 
including any genetic material, or any material propagated or cloned from such material, 
collected under this permit, or any information obtained as a result of research done on such 
material or undertake any other activity with the sample not expressly approved herein; without 
the written permission of the Grantor in consultation with tangata whenua. Notwithstanding 
the preceding constraint, the Permittee may publish the results of such research results arising 
from the collection of the plants. 
 
17. No material collected pursuant to this permit may be used for commercial purposes or 
patenting of plant varieties or registration of intellectual property rights on any derivatives. 
 
18. Any taxon, which is new to science, shall have type specimens and a voucher specimen lodged 
with a registered New Zealand herbarium, recognised national invertebrate collection or 
equivalent appropriate collection. The Permittee shall notify forthwith the Grantor and local 
tangata whenua of any such finds. 
 
19. Where obligations bind more than one person, those obligations shall bind those persons jointly 
and separately. 
 
20. If requested, the Permittee shall keep the Grantor and tangata whenua informed on the 
progress of this research. Upon completion of the research, the Permittee shall forward a copy 
of the research findings, reports and published to the Grantor’s office from where this permit 
was issued. The Permittee acknowledges that the Grantor may provide copies of these findings 
to tangata whenua. 
 
21. The Permittee shall comply with the collection provisions on the attached schedule at all times. 
 
22. Special Conditions 
 
a) The Frogs may only be used for the research methods detailed in this permit. 
b) The Frogs must be handled as carefully as possible.  Only samples specified in the research 
methods can be collected and only trained/experienced persons are permitted to collect such 
samples.   
c) If any Frog dies, the Grantor at the Waikato Conservancy is to be informed within forty-eight 
(48) hours of the discovery, and the specimen must be preserved in 70% ethanol and sent to the 


























Department of Conservation    
Translocation Proposal   
This copy printed on 23/06/2017 Page 31 of 34         Archey's Frog Translocation Proposal 2006 FINAL VERSION 
Conservation so directs.  Full data must be sent with the specimen.  The full post mortem report 
must be forward to the Native Frog Ecologist, Waikato Conservancy. 
d) It is the Permittee’s responsibility to ensure a full post mortem is completed on any Frog that 
dies.  The Permittee may complete a post mortem (preliminary or full) if required for the 
research, but only in accordance with a post mortem protocol agreed to by the Grantor, Dr 
Richard Norman (Massey University Wildlife Pathology) and the Permittee prior to 
commencement of the research.   
e) The fate of any surviving Frogs on completion of the research must be agreed to by the Grantor 
in consultation with the Native Frog Recovery Group. 
f) All of the techniques outlined in this permit will be in accordance with the proposal received, the 
Native Frog Recovery Plan and the Otago University Animal Ethics Committee approval. 
g) A report of the results of the research is to be forwarded to the Native Frog Ecologist, Waikato 
Conservancy by 30 June 2007 and a final report within two months of the completion of 
research. 
h) Copies of any reports, publications or theses produced as a result of this work are to be 
forwarded to the Native Frog Ecologist, Waikato Conservancy. 
i) Any variation to these conditions must be agreed to by the Grantor in consultation with the 
Native Frog Recovery Group. 
 
SIGNED by  SIGNED by  
    
Dated  Dated  
GREGORY NEIL MARTIN ACTING BY AND 
THROUGH THE MINISTER OF 
CONSERVATION (“The Grantor”) 
DR PHIL BISHOP AS APPLICANT 
In the presence 
of 
 In the presence 
of 
 
    
Witness  Witness  
    
Occupation  Occupation  
    





(1) Approved Date(s) 
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2.  Temporary Captive Holding Permit – Dr Phil Bishop, Otago University 
 
AUTHORITY TO TEMPORARILY HOLD PROTECTED 




File ref: NHS-05-06-12 Authority No:  WK-19819-CAP 
 
 




Dr Phil Bishop 
Department of Zoology 
OTAGO UNIVERSITY (The Person holding authority) 
 
 
Is hereby authorised to hold 12 Archey’s frogs (Leiopelma archeyi) (“the Frogs”) from Whareorino State 
Forest. 
 
Subject to the following conditions: 
 
1. No Frogs are to be released, transferred, or otherwise disposed of, either dead or alive, without 
prior consent of the Grantor. 
 
2. No Frogs are to be used for research purposes without prior consent of the Grantor. 
 
3. If any Frogs die, the Grantor at the Waikato Conservancy is to be informed within forty-eight (48) 
hours of the discovery, and the specimen must be preserved in 70% ethanol and sent to Dr 
Richard Norman, Wildlife Pathology Massey University or where the Director-General of 
Conservation so directs.  Full data must be sent with the specimen.  The full post mortem report 
must be forwarded to the Native Frog Ecologist, Waikato Conservancy. 
 
4. The holder of this authority is solely responsible for the welfare of the Frogs and any decisions 
pertaining to their captive husbandry.   The captive husbandry manual for Leiopelma species 
produced by the Department of Conservation shall be used as a guide only and does not 
circumvent the Grantee’s responsibilities for the Frog’s welfare. 
 
5. The Frogs must be held in accordance with the recommendations of the Department of 
Conservation’s Native Frog Recovery Group.  These recommendations will be communicated 
through the Native Frog Ecologist from the Waikato Conservancy. 
 
6. Except with the prior written consent of the Director-General of Conservation, the Frogs, their 
progeny, or their eggs may only be disposed to persons holding an authority to keep Archey’s frog 
in captivity. 
 
7. The Frogs, and all enclosures in which they are held, shall be made available for inspection at all 
reasonable times by officers of the Department of Conservation.  If required by the Director-
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enclosures as the Director-General deems necessary and take such other steps as he may direct to 
ensure the safe welfare of the Frogs. 
 
8. The holder of this authority shall maintain full records of the Frogs held which will include details 
of births and deaths and exchanges of Frogs with other permit holders (also see condition 3). 
  
9. The holder of this authority shall forward to the Director-General of Conservation a Status 
Report detailing the numbers of Frogs held and any other information as may be required by any 
captive management plan within one month of the expiration of this permit. 
 
10. The holder of this authority shall notify the Waikato Conservator, Department of Conservation, 
within one month of any change of address for service. 
 
 




SIGNED by Permit not valid until read and signed by 




Gregory Neil Martin 
Waikato Conservator 
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3. Transfer Permit – Hamilton Zoo 
 




File Ref:  NHS-05-06-12                                                         Authority No: WK-19824-FAU 
 
 
PURSUANT to Section 53 of the Wildlife Act 1953: 
 
 




is hereby authorised to transfer: 
 




Dr Phil Bishop 
The Department of Zoology 
University of Otago 
DUNEDIN 
 
subject to the following conditions: 
 
 
1. The Frogs must be handled as carefully as possible, transferred in accordance with best 
practice specified by the Grantor and/or the Native Frog Recovery Group and transferred 
directly to the new captive facility.   
 
2. If any Frog dies during the transfer, the Grantor at the Waikato Conservancy is to be 
informed within forty-eight (48) hours of the discovery, and the specimen must be 
preserved in 70% ethanol and sent to Dr Richard Norman, Wildlife Pathology Massey 
University or where the Director-General of Conservation so directs.  Full data must be 
sent with the specimen.  The full post mortem report must be forwarded to the Native Frog 
Ecologist, Waikato Conservancy. 
 
 
Unless sooner revoked or varied this authority is valid for one (1) month from date of issue. 
 





For the Director-General of Conservation 


























Site A (Amanda Smale) 6/09/2006 Site B (Leigh Marshall) 6/09/2006
Frog SVL Colour Retreat Collector's Notes Frog SVL Colour Retreat Collector's Notes































* Please record frogs found together * Please record frogs found together
Colour codes: Colour codes:
B=brown No. frogs to collect: B=brown No. frogs to collect:
G=green 25-29 mm:    10 G=green 25-29 mm:    10
Bg= predominantly brown with some green 30-34 mm:    5 Bg= predominantly brown with some green 30-34 mm:     4
Gb=predominantly green with some brown ≥ 35 mm:      2 Gb=predominantly green with some brown ≥ 35 mm:       2





















Site C (Lisa Daglish) 6/09/2006 Site D (Amanda Smale) 5/09/2006
Frog SVL Colour Retreat Collector's Notes Frog SVL Colour Retreat Collector's Notes































* Please record frogs found together * Please record frogs found together
Colour codes: Colour codes:
B=brown No. frogs to collect: B=brown No. frogs to collect:
G=green 25-29 mm:    10 G=green 25-29 mm:    10
Bg= predominantly brown with some green 30-34 mm:    5 Bg= predominantly brown with some green 30-34 mm:     4
Gb=predominantly green with some brown ≥ 35 mm:      2 Gb=predominantly green with some brown ≥ 35 mm:       2


























Site E (Lisa Daglish) 5/09/2006 Site F (Leigh Marshall) 5/09/2006
Frog SVL Colour Retreat Collector's Notes Frog SVL Colour Retreat Collector's Notes































* Please record frogs found together * Please record frogs found together
Colour codes: Colour codes:
B=brown No. frogs to collect: B=brown No. frogs to collect:
G=green 25-29 mm:     10 G=green 25-29 mm:      10
Bg= predominantly brown with some green 30-34 mm:     5 Bg= predominantly brown with some green 30-34 mm:      5
Gb=predominantly green with some brown ≥ 35 mm:       2 Gb=predominantly green with some brown ≥ 35 mm:        2






































































     - Take a new GPS ref. point every 50 metres & collect out from centre of that point      - Take a new GPS ref. point every 50 metres & collect out from centre of that point
     - One pre-numbered bag and fresh gloves per frog      - One pre-numbered bag and fresh gloves per frog
     - Check frog in desired SVL group before collecting      - Check frog in desired SVL group before collecting
     - Collect frog and mark location with pre-labeled flagging      - Collect frog and mark location with pre-labeled flagging
     - Keep tally as frogs collected (get team to call out size classes as found)      - Keep tally as frogs collected (get team to call out size classes as found)
     - Measure SVL with frog in bag      - Measure SVL with frog in bag 
     - Record colour code, SVL, collector, retreat, GPS, and fatness in notes      - Record colour code, SVL, collector, retreat, GPS, and fatness in notes
     - Check frog healthy (quick visual check in bag) and at least 3+ on fatness scale      - Check frog healthy (quick visual check in bag) and at least 3+ on fatness scale
     - Spray H20 in bag and add damp paper towel, seal with as much air in bag as      - Spray H20 in bag and add damp paper towel, seal with as much air in bag as 
 possible, fold over lip of bag and tape back onto bag to make firm air pocket  possible, fold over lip of bag and tape back onto bag to make firm air pocket
     - Re-label frog ID on bag if needed      - Re-label frog ID on bag if needed
     - Place in chilly bin      - Place in chilly bin
     - 6 frogs per small chilly bin      - 6 frogs per small chilly bin
     - Securely tape chilly bin closed when full      - Securely tape chilly bin closed when full
     - Map approximate location of frog to GPS reference point e.g. 10 m 180º S      - Map approximate location of frog to GPS reference point e.g. 10 m 180º S
     - Mark access to site back to nearest track and label at track      - Mark access to site back to nearest track and label at track
Instructions
     - Take a new GPS ref. point every 50 metres & collect out from centre of that point
     - One pre-numbered bag and fresh gloves per frog
     - Check frog in desired SVL group before collecting
     - Collect frog and mark location with pre-labeled flagging
     - Keep tally as frogs collected (get team to call out size classes as found)
     - Measure SVL with frog in bag 
     - Record colour code, SVL, collector, retreat, GPS, and fatness in notes
     - Check frog healthy (quick visual check in bag) and at least 3+ on fatness scale
     - Spray H20 in bag and add damp paper towel, seal with as much air in bag as 
 possible, fold over lip of bag and tape back onto bag to make firm air pocket
     - Re-label frog ID on bag if needed
     - Place in chilly bin
     - 6 frogs per small chilly bin
     - Securely tape chilly bin closed when full
     - Map approximate location of frog to GPS reference point e.g. 10 m 180º S



























week  of  the  5th  to  10th  September.    Frogs  were  collected  from  both  the 
Northern  and  Southern  rohe.    This  report  provides  details  of  the  frog 
collection  from  the  Northern  rohe  on  the  6th  September  and  9th  to  10th 
September.   
The collection of frogs took place as a response to the threat of chytrid fungus.  
Amphibian  species  are  highly  vulnerable  to  chytrid  fungus,  and  it  has 
recently been  confirmed  in Whareorino.   Chytrid has  the potential  to  cause 
massive  population  declines,  and  even  extinction.    The  collection  and 
subsequent translocation will establish a new population of Archey’s frogs in 
a different area.  Chytrid fungus can be spread in both soil and water.  It was 



































23/06/2017  2 
 
The frogs were collected using two different methods.  During the day search 
(6th  September)  frogs were  collected  by  overturning  rocks  and  logs  on  the 
forest floor and searching through vegetation.   All care was taken to replace 
rocks  and  logs  in  their  initial  positions  so  as  to  minimise  disturbance.  
Searchers were  shown which habitats were potential  frog  refuges and were 
careful when placing their feet not to stand on any of these habitats.  This was 
done in order to minimise any disturbance due to our travelling through the 
frog  habitat.    The  night  search  (9th  and  10th  September) was  conducted  by 
moving  very  slowly  through  the habitat  scanning  all  exposed  surfaces  and 
searching through vegetation. 
 
The  collection  team  on  the  6th  September  consisted  of  Department  of 





When  frogs were  found  it was checked  that  they were  the correct size  (only 


































23/06/2017  3 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9-67774-Whareorino Archey’s frog translocation collection summary 
	
	
Proposed Collection Composition: 
North South Total (# ♀) (# ♂) 
25-29 mm SVL (male bias) 30 30 60 (20) (40) 
30-34 mm SVL (female
bias)
14 14 28 (18) (10) 
≥ 35 mm SVL(females) 6 6 12 (12) (0) 
Total 50 50 100 (50) (50)
Actual Collection Composition: 
North South Total (# ♀) (# ♂) 
25-29 mm SVL (male bias) 24 36 60 (20) (40) 
30-34 mm SVL (female
bias)
14 14 28 (18) (10) 
≥ 35 mm SVL(females) 10 2 12 (12) (0) 
Total 48 52 100 (50) (50)
Release Composition Auckland Zoo: 
North South Total (# ♀) (# ♂) 
25-29 mm SVL(male bias) 4 4 8 (2) (6) 
30-34 mm SVL(female bias) 3 3 6 (4) (2) 
≥ 35 mm SVL (females) 1 1 2 (2) (0) 
Total 8 8 16 (8) (8)
Release Composition New Wild Population: 
North South Total (# ♀) (# ♂) 
25-29 mm SVL (male bias) 26 26 52 (18) (34) 
30-34 mm SVL(female bias) 11 11 28 (14) (8) 
≥ 35 mm SVL(females) 5 5 12 (10) (0) 






















10-85731-Archey’s frog emergency translocation list 
 
 
Archey’s frog Emergency Translocation Task List November 2006 
Task By Who By When Comments 
Translocation proposal 
completed and signed off by 
Conservator and RGM 
concurrence recieved
Amanda 30 November 06 
Preparing and planning for 
wild release (timing, 
equipment, people, vehicles, 
frog prep, photo ID, release 
plan, set up release site for 
frogs etc) 
Amanda December 12th
Preparing and planning for 
transfer to Alk Zoo (timing, 
composition, frog prep, 
vehicles, people etc)
Amanda November 30th
Preparing and planning for 
transfer to Otago University 
(timing, equipment, 
transportation, frog prep, 
captive holding and research 
permits) 
Amanda November 30th
Plan post release monitoring Amanda November 30th





Coordinate/arrange all iwi 
involvement in releases/ 
transfers 
MAO December 6th 6/12/06 is the first 
transfer. 
Provide on site advise for 
site setup and hygiene 
protocols 
Amanda November 30th
Provide advise on pig-deer 
fence design 
Andrew/Amanda November 22 
Complete pest management 
at release site: 





 Clear fence line
 Supervise contractor
 Site clean up






























Significant Dates (to be update as transfer dates are confirmed) 
Task/Action/Event Date 
Otago University transfer (collected by Phil Bishop) 7 December 
Auckland Zoo Transfer To be confirmed
Wild release 13 December (?)
Post release monitoring (at night): 
 24 hours post release (emergence count) 
 1 week post release (emergence count) 
 1 month post release (emergence count) 
 2 month post release (emergence count) 
 3-4 month post release (capture-recapture – 4 nights)  
 10 month post release (capture-recapture – 4 nights) then 








































Our Ref:   NHS-05-06-01-01 
 
 
23 June 2017 
 
 
TO: Ray Scrimgeour (Area Manager MAO),  
Phil Bradfield (Programme Manager MAO),  
John Gumbley (Technical Support Manager),  
Avi Holzapfel (CAS)  
Oliver Overdyke (TSO fauna) 
 




SUBJECT: Archey's Frog Emergency Translocation  
 
 
Further to the meeting today between myself, Phil, John and Oliver, I have prepared a 
summary of the final outcome and task list for the Archey’s frog Emergency Translocation. 
 
1. Final Outcome 
Thirteen Archey’s frogs will be transferred to Otago University for chytrid fungus 
research.  Sixteen frogs will be transferred to Auckland Zoo.  Seventy one Archey’s frogs 
will be released at a site selected on the south eastern flanks of Pukeokahu Ridge, Pureora 
State Forest Park. On site management will include construction of a pig and deer 
exclosure fence around the 400m2 site, predator management over a yet to be determined 
area and timeframe and frog outcome monitoring. 
 
2. Management Support  
The translocation is supported by SMT, TSM, and the Maniapoto AM. 
 
3. Funding 
The translocation is being funded from the captive frog budget and sponsorship provided 
by MWH.  Approximately $10,000 is available for on site set up and management 
(exclosure fence, predator management and frog monitoring). 
 
4. Tentative Release/Transfer Dates 
x 7 December – frogs to Otago University (Phil Bishop and Amanda to collect) 
x 4 or 7 December – frogs to Auckland Zoo (Amanda to collect and transport on 
route to conference) 
x 13 December – frogs released to wild site (Amanda and others to collect and 
transport) 


























A task list with timeframes for completion is provided below including the detail of each 
task agreed to at the meeting.  Please note relevant tasks of responsibility. 
Task Responsibility By When Comments 
Translocation proposal 
completed and signed off 





Preparing and planning for 
wild release (timing, 
equipment, people, 
vehicles, frog prep, photo 
ID, release plan, set up 




12 December  
Preparing and planning for 
transfer to Alk Zoo (timing, 
composition, frog prep, 
vehicles, people etc) 
Amanda 30 November
Preparing and planning for 
transfer to Otago University 
(timing, equipment, 
transportation, frog prep, 
captive holding and 
research permits)
Amanda 30 November
Plan post release 
monitoring 
Amanda/Avi/Oliver 24 November 





Coordinate/arrange all iwi 
involvement in releases/ 
transfers 
MAO 6 December 6/12/06 is the first 
transfer. 
Provide on site advise for 
site setup and hygiene 
protocols 
Amanda 24 November
Provide advise on pig-deer 
fence design 
Andrew/Amanda 24 November 
Organise construction of 
pig-deer exclosure fence: 
 contractor
 building supplies to site
 fence line preparation
 supervise contractor
 site clean up
Howard/Phil 8 December To allow time for site 
setup for frog release 
Plan rat control (extent and 
timeframe) including 
financial and staff resource 
needs 
Phil/Howard 30 November








To allow for poison to 
























13-88936-Archey’s frog emergency translocation monitoring plan 
 
 
Archey’s Frog Emergency Translocation Monitoring Plan 
Amanda Smale 
Native Frog Ecologist 
1. Purpose
The purpose of this plan is to outline an Archey’s frog monitoring programme to
determine the short and long term success of the emergency translocation.
2. Objective
The overall objective of the emergency translocations is to have a self sustaining
population of Archey’s frogs establish at the new site.  A self sustaining population is
defined as one that has recruitment into the founding population, followed with
successful breeding by first generation offspring and survival of second generation
offspring.
3. Operational Targets
The operational targets in the translocation proposal (DOCDM-49607) are:
x At least 60% of frogs survive the first year in the wild
x High (long term) survival rate of frogs in the new wild population
x Recruitment is recorded within three years of transfer.
These targets are aimed at the following thresholds of “success”: 
1. Survival immediately post release – the frogs survive at the release site
2. Survival over the long term – the release site is sustaining the new population
3. Recruitment  - the new population is reproducing at the release site
4. First generation recruitment – the first generation offspring are reproducing at
the site
Abundance, dispersal and home range will also be measured as part of the monitoring 
programme.  
4. Recommended Monitoring Programme
It is recommended that frogs be monitored a regular intervals post release in the first
year, and annually thereafter using two methods; capture recapture and emergence
counts.  It is also recommended that disease screening also be undertaken annually.
Year one:
Conduct frog emergence counts the first night, week (two nights) and month (two
nights) post release.  Complete the first capture- recapture monitoring three-four months
post release and then every 12 months thereafter.  An optional capture recapture session
or emergence count is proposed 9 months (October 2007) post release in year one.
Year two onwards:




Capture recapture methods will produce reliable estimates of population size, and




























each session.  The same capture recapture photo identification techniques employed at 
Whareorino Forest will be used.   Each trip will consist of between four-ten consecutive 
nights monitoring (depending on capture rates).  
Emergence Monitoring: 
Emergence monitoring will record the proportion of frogs emerged at the release site on 
the night of monitoring and will only provide an indication of frog presence/absence at 
the site and a means to survey for any evidence of mass frog mortality or illness.   The 
methods should follow those employed in Whareorino Forest at the northern 15 m x 15 
m grid site.  Each emergence count monitoring session will consist of one-two 
consecutive night searches of the release site.  Emergence monitoring should be 
conducted on nights that are warm and wet to maximise the chance of high frog 
emergence. 
Search Effort: 
The frogs will be released into a marked out 10 m x 10 m plot within the 400 m2 fenced 
release area.  Monitoring search effort should first concentrate on the 100m2 release plot 
and then be extended out to detect dispersing individuals as time permits each night.  
Additional search effort should be concentrated on suitable habitat outside the plot.  It is 
not expected the frogs will move a large distance in the first few weeks, based on 
experience with other Leiopelma species.   However, some frogs are expected to move 
outside of the release plot and potentially out of the fenced area.   It is recommended 
that some effort is put into searching beyond the release plot to detect dispersal.  
Emergence counts are a good opportunity to get an indication of dispersal as less effort 
(ie time) is required because the frogs are not captured. 
 
6. Schedule and Resources  










Emergence count 14 December 06 one two 10 x 10 
Emergence count 20-21 December 
06 
two two-three 10 x 10 plus 
perimeter 
Emergence count  10-11 January 06 two two -three 10 x 10 plus 
perimeter* 



















October  two two 10 x 10 plus 
perimeter* 
* Definition of perimeter will depend on staff resources and dispersal detected 
during previous emergence counts.  A search outside the fence should be 




























** Optional depending on staff resources 
+ Could be a scaled down effort with frogs caught and photographed in the hand 
at the point of capture to get ID and capture location.  Would require each 
search to carry camera. 
 
 
7. Anticipated Outcomes 
The following minimum outcomes are anticipated for this monitoring programme: 
x An indication of survival and/or presence/absence post release is recorded 
x Survival, recruitment and abundance is measured over the short, medium and 
long term  
x Dispersal from the release site is documented as staff resources permit 






















14-89739-Archey’s frog translocation schedules Nov 2006 
 
 
Whareorino Archey’s frog 
Emergency Translocation Schedules 
1. Transfer logistics Hamilton Zoo to Auckland Zoo,
Monday 4 December 2006 (16 frogs)
Time Who What’s happening 
0845 Amanda Smale and iwi 
representation (if 
available)   
Arrive Hamilton Zoo back gate (separate 
vehicles)  
0850-0900 Amanda Smale and iwi 
representation (if 
available)   
Collect frogs, karakia performed 
0900 Amanda Smale Depart Hamilton for Auckland Zoo (by 
car) 
0900 Available iwi
representation (if any) 
Depart Hamilton for home/office/Alk Zoo
1100 Amanda Smale and iwi 
representative (if any) 
Arrive Auckland Zoo (at green gates) and 
meet zoo staff 
1100-1115 All Take frogs to frog facility & iwi welcome (if 
iwi available) 
~1115-1200 Amanda and Zoo staff Meeting 
~1230  Amanda and Zoo staff Unpack frogs 
2. Transfer logistics Hamilton Zoo to Otago University,
Thursday 7 December 2006 (12 frogs)
Time Who What’s happening 
1100 Amanda Smale and Phil 
Bishop 
Depart Auckland 
1300-1330 Amanda Smale and Phil 
Bishop 
Lunch 
1345 Amanda Smale and Phil 
Bishop 
Arrive Hamilton Zoo back gate  
1345 Available iwi
representation (??) 
Arrive Hamilton Zoo back gate 
1345-1400 All Collect frogs, karakia performed 
1405 Amanda Smale and Phil 
Bishop 
Depart Hamilton Zoo for Alk airport  
1405 Available iwi
representation (??) 
Depart Hamilton Zoo 
~1600/1630 Amanda Smale and Phil 
Bishop 
Arrive Alk airport domestic terminal 


























3. Transfer logistics Hamilton Zoo to Pukeokahu Release 
Site, Wednesday 13 December 2006 (70 frogs) 
 
Time Who What’s happening 
0900 Amanda Smale (and 
others?) 
Arrive Hamilton Zoo back gate  
0900-0915 Amanda Smale (and 
others?) 
Collect frogs, karakia performed (if 
representative available) 
0915 Amanda Smale (and 
others?) 
Depart Hamilton Zoo for MAO  
0915-0930 Amanda Smale (and 
others?) 
Completed any Hamilton pick ups (??) 
1030 Amanda Smale (and 
others?) 
Arrive MAO, meet MAO staff and iwi (?) 
1045 All Depart MAO 
~1145 All Arrive Pukeokahu  
~1145-1200 All Walk to release site 
~1200-1215 All  Karakia 
~1215-1300 Amanda, Lisa, Kay + 3 
others 
Release frogs  
~1215-1300 Others Watch/have lunch 
~1300-1315 All Walk back to vehicles 
~1315-1415 All Travel back to MAO 
~1415-1445 All Afternoon tea at MAO 
1500 All travellers Depart MAO 







Who Role Contact 
Amanda Smale Project leader, DOC 07 838 3363  
 or 027 2930594 
Lisa Daglish MAO DOC 07 878 1050 
Joe Harawira DOC iwi liaison 07 838 3363, 027 473 3293 
Angela 
Riddington 
Hamilton Zoo Frog Keeper 0211606367 
John Potter Auckland Zoo Vet 027 418 2704 
Peter West Auckland Zoo  
Captive frog project 
025 606 2653 





























16-2-95430-Archey’s frog husbandry records Hamilton Zoo FINAL 18 Dec 
 
	
HZQ ID. NO. 20-Sep 27-Sep 4-Oct 11-Oct 18-Oct
1 2.32 2.46 2.67 2.62 2.61
2 1.65 1.61 1.68 1.75 1.73
3 1.38 1.59 1.69 1.76 1.65
4 1.65 1.89 2.19 2.3 2.34
5 1.32 1.66 1.91 1.67 1.84
6 2.37 2.52 2.78 2.68 2.64
7 3.25 3.34 3.49 3.36 3.3
8 2.2 2.4 2.45 2.17 2.26
9 5.1 4.81 5.54 5 4.97
10 1.4 1.62 1.65 1.65 1.74
11 2.02 2.04 2.26 2.11 2.08
12 2.9 2.94 3.31 3.03 3.08
13 3.82 3.89 4.03 3.83 4.1
14 2.95 3.07 3.24 3.16 3.33
15 2.29 2.7 2.87 2.76 2.82
16 1.66 1.91 1.89 1.88 2.01
17 2.23 2.32 2.48 2.44 2.61
18 2.28 2.23 2.35 2.36 2.34
19 2.1 2.04 2.41 2.33 2.33
20 1.74 1.86 1.93 2.35 1.86
21 2.64 2.85 3.14 2.97 2.95
22 1.9 1.86 1.69 1.64 1.65
23 3.4 3.52 3.71 3.58 3.8
24 2.23 2.23 2.53 2.45 2.5
25 2.15 2.33 2.35 2.45 2.78
26 3.44 3.54 4.04 3.81 4.05
27 1.75 1.97 2.02 2.07 2.08
28 2.93 3.39 3.76 3.34 3.48
29 3.07 3.28 3.62 3.47 3.7
30 1.61 1.85 1.84 1.85 1.89
31 2.41 2.55 2.89 2.81 3.01
32 2.28 2.54 2.64 2.73 2.79
33 1.71 1.78 1.87 1.99 1.93
34 2.57 2.68 2.82 2.75 2.87
35 1.62 1.72 1.6 1.61 1.85
36 1.64 1.63 1.76 1.78 1.91
37 2.45 2.53 2.72 2.77 2.82
38 1.78 1.95 2.07 1.98 2.35
39 2.63 2.61 2.45 2.36 2.45
40 2.89 3 3.45 3.67 3.3
41 1.64 1.75 1.99 1.99 1.98
42 1.86 2 2.26 2.21 2.28
43 2.53 2.73 2.83 2.79 2.65
44 3.2 3.25 3.42 3.4 3.59
45 3.55 3.8 4.02 4.03 4.19
46 2.61 2.66 3.09 2.93 3.03
47 2.95 2.87 3.14 3.14 3.17
48 3.62 3.86 4.43 4.38 4.32
49 2.47 2.56 2.91 2.88 3.04
50 2.76 2.7 2.93 2.82 2.86
51 3.76 3.81 4.41 4.41 4.32
52 1.9 2.11 2.21 2.22 2.27
53 1.78 1.72 1.97 2.03 2
54 5.31 5.09 5.28 5.73 5.99
55 1.96 2.08 2.44 2.11 2.33
56 4.12 4.17 4.39 4.29 4.25
57 1.88 1.84 2.02 2.01 2.27
58 4.65 4.72 5.08 4.8 5.06
59 2.32 2.31 2.19 2.47 2.43
60 4.54 4.6 4.68 4.56 4.78
61 1.99 2.21 2.15 2.21 2.41
62 2.39 2.61 2.55 2.57 2.57
63 2.34 2.48 2.54 2.59 2.7
64 1.83 2.14 2.23 2.14 2.34
65 1.91 1.99 2.18 2.11 2.31
66 2.57 2.64 2.68 2.78 2.78
67 2.32 2.64 2.65 2.67 2.72
68 1.95 2 2.13 2.22 2.46
69 2.62 2.68 2.93 2.99 3.23
70 3.52 3.81 4.22 4.19 4.43
71 1.6 1.67 1.85 1.76 1.88
72 4.3 4.75 5.07 4.69 5.28
73 2.26 2.15 2.41 2.69 2.57
74 4.06 4.19 4.61 4.59 4.37
75 4.81 5.02 5.65 4.82 4.69
76 4.52 4.49 4.9 4.4 4.77
77 1.51 1.48 1.59 1.77 1.84
78 3.42 3.72 4.11 3.88 3.92
79 1.83 1.91 2.05 2.19 2.24
80 2.32 2.42 2.56 2.61 2.63
81 3.54 3.62 3.96 3.88 3.96
82 2.95 3.05 3.03 3.01 3.15
83 1.87 2.11 2.01 2.13 2.18
84 4.31 4.34 4.35 4.42 4.44
85 2.19 2.33 2.49 2.45 2.68
86 5.31 5.59 5.23 5.17 5.27
87 1.98 2.18 2.2 2.34 2.38
88 2.41 2.58 2.56 3.05 2.84
89 2.51 2.62 2.68 2.86 3.07
90 1.55 1.72 1.79 1.91 1.88
91 4.52 4.97 5.06 5.16 5.28
92 2.97 3.62 3.72 3.52 3.47
93 3.12 3.22 3.42 3.43 4.03
94 4.1 4.63 4.59 5.18 5.21
95 3.74 3.74 3.83 3.74 4.17
96 2.87 2.82 2.83 3.09 3.18
97 3.84 4.39 4.42 4.48 4.69
98 3.49 3.42 3.7 3.64 4.06
99 2.9 2.82 2.84 2.9 3.05







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































for chytrid fungus.   Two frogs died while  in quarantine.     In December 2006, 70 frogs were 
released at a new site  in Pureora State Forest (South Waikato/Northern King Country) with 
16 frogs were transferred to Auckland Zoo and 12 frogs (infected with chytrid fungus)to Phil 




year  from  skin  swabs  collected  during  routine  monitoring  in  February.    The  Waikato 
Conservancy, with support of the RG, planned an emergency translocation of 100 Archey’s 
frog  as  a  precautionary measure  should  chytrid  fungus  have  a  significant  impact  on  the 
Whareorino population.     The rationale for the translocation was to spread the disease risk 





The  opportunity  to  ‘top  up’  the  captive  population  at  Auckland  Zoo was  also  taken  and 
















The  frogs were housed under quarantine  conditions  in  a  temperature  controlled  room  in 
individual plastic terrariums on moistened paper towels.   The diet consisted of commercially 
produced insects following practices at Auckland Zoo and Otago University for other captive 





























infected  frog diagnosis was open.      The  frogs maintained,  and most  cases  gained weight 
during the quarantine and remained active and healthy (Table 1).  No external skin lesions or 










min  ‐0.43  0.18 ‐0.47
max  2.01  1.35 3.17
mean  0.74  0.85 0.91





six weeks of quarantine and sent  to CSIRO  in Australia  for quantitative PCR chytrid  fungus 
diagnosis.  A total of 13 frogs tested positive for chytrid fungus.   All infections were low (less 




On  4  December,  16  frogs  were  transferred  to  the  Auckland  Zoo  native  frog  facility  by 
Amanda Smale.  A karakia was performed prior to departure from the quarantine.  On arrival 
the  frogs were  examined  and  swabbed  for  skin  bacteria  to  provide  baseline  information 
should skin bacteria change while held at  the Auckland  facility.   The Zoo staff commented 
that  the  frogs appeared healthy and were very active  compared  to  the Whareorino  frogs 
currently held at the facility.   These frogs will be housed  in  individual plastic terrariums on 
moist paper towels while the new colony enclosures are prepared. 
On 7 December, 11  frogs were  transferred  to Otago University by Amanda Smale and Phil 
Bishop.    The  frogs  arrived  safely  and  are  being  held  in  a  Zoology  Department  animal 
quarantine  room  in  individual  plastic  terrariums  on  moistened  paper  towels.  Phil  will 











































planned  for  this new population.   Each  frog was photographed prior  to  release  to enable 















1*  6  9 %  Dry and cool (~10 C)   Very  dry  conditions,  all  frogs 
observed appeared healthy 












































Ready to go Karakia To release site
Climbing the 
exclusion fence

















































Emergency translocation as a response to the detection of Bd into a naive threatened 
population of Leiopelma archeyi in New Zealand.
Amanda Haigh1, Stephanie Shaw2, Avi Holzapfel3, Phil Bishop4
1NZ Department of Conservation, Waikato Conservancy, Private Bag 3072, Hamilton, NZ; 
email asmale@doc.govt.nz
2 James Cook University, School of Public Health and Tropical Medicine;
Townsville, QLD, Australia; email stephanie.shaw@aucklandcity.govt.nz
3 NZ Department of Conservation, Northern Regional Office, PO Box 112, Hamilton, NZ.  
4Department of Zoology, University of Otago, PO Box 56, Dunedin, NZ; 
email bishop@stonebow.otago.ac.nz
Background:
• Leiopelma archeyi is one of four extant native frog species in 
NZ, and is classified as “nationally critical” (highest NZ threat 
category).
• It is a terrestrial frog known only from two geographical 
areas: Whareorino and the Coromandel Peninsula.
• The Coromandel Peninsula population crashed between 
1994 and 2002, Bd being the hypothesized cause as several 
dead frogs were found with confirmed infection.  
• Up to 2006, the Whareorino population had not declined and 
was considered the “last stronghold” for this species.  
Situation:
• Bd testing for the Whareorino population in four marked-
recapture monitoring grids started in Nov. 2005.
• A Bd prevalence of 5-6%  (4/71) by Taqman real-time PCR in 
triplicate was discovered in the two Northern grids in early 
2006.  
• The presence of Bd in a naïve population was thought to be 
a major threat.
Risk Assessment:
• It was unknown how long Bd had been present in this 
population.  
• Retrospective Bd testing completed on 47 frogs collected 
from the area between 2000-2006 that died in captivity (23), 
were killed by rats (17) and found dead (7).
• All tested negative using PCR on a combination of skin 
swabs and toe clips.  
Threat Abatement:
• Our emergency response was to establish a new wild 
population to spread the disease risk across multiple sites 
and boost captive  
• In September 2006, 100 frogs from both North and South 
Whareorino were collected and quarantined for 90 days.
• All 100 frogs were tested three times for Bd during 
quarantine.
Outcome:
• Eleven frogs tested positive for Bd, while 2 had suspicious 
positive results. 
• Two frogs died in quarantine, one of which was Bd positive.
• Seventy were translocated to a new site 100 km from 
Whareorino.
• The release site was selected due to its geographic isolation, 
suitable habitat, and lack of frogs or running water on site 
(we were unable to prove Bd presence/absence due to 
constraints of testing for Bd in the  environment).
• Sixteen frogs were added to a captive population at 
Auckland Zoo and some are now breeding.
• Twelve Bd positive frogs went to the University of Otago for 
Bd research. Eleven cleared the infection naturally, while one 
cleared while under treatment with chloramphenicol. 
Research continues.
• Thirteen individuals were re-captured in cold weather at the 
release site in April 07 and all were in excellent health.  Six 
frogs were tested for Bd and those results were negative.
• Population and disease monitoring continue at Whareorino 
and this new site.
OIA-17 
















Site  Easting Northing Easting Northing
A 2666818 6312640 2666827 6312573
B 
Refer gpx file & maps 
C 2666309 6311399 n/a n/a 
D 2667046 6309420 2666985 6309536
E 2667145 6309258 Ref. map 
F 2667100 6309287 n/a n/a 
G 2667113 6309487 n/a n/a 
Archey’s 


































































































































(Non DOC proposals 
only) 
Applicant (Chairperson/ Chief 
Executive Officer/individual - in 
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Jonathan Wilcken (Director) 
Auckland Zoo 
Legal Status (strike out or 
specify Other) 
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Other: Auckland Zoo is a division of Regional 
Facilities, Auckland, an Auckland Council 
Controlled Organisation. 
Contact Person Richard Gibson 
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Grey Lynn 
Auckland 1245 
Street: Motions Road, Western Springs, 
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Phone: 09 360 4875 
Cell phone: 027 235 4054 
E-mail: richard.gibson@aucklandzoo.co.nz 
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fees
I certify that the information provided on this application form and attached 
additional information is to the best of my knowledge true and correct: 
Signature of the Applicant: 
Dated: 
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Dated: 
Name and Address of Witness: 
Department of Conservation 



























   
 This application is made pursuant to Sections 17R and 17S of the Conservation 
Act 1987 [and (where applicable) Section 49 of the National Parks Act 
1980/Section 59A of the Reserves Act 1977]. 
All costs relating to the consideration of the application are payable by the 
Applicant to the Department of Conservation (see Section 60A and 60B of the 
Conservation Act 1987). 
Applicants should be aware that provisions of the Official Information Act 
may require that some or all information in this application be publicly 
released if so requested. 
 
1. Translocation Summary 
1.1 Translocation Title Transfer of 20 Archey’s frog Leiopelma archeyi from Whareorino Forest to 
Auckland Zoo in March-May 2016  
and  
Transfer of 60 Archey’s frog Leiopelma archeyi from Whareorino Forest to 
Pukeokahu, Pureora Forest Park (via Auckland Zoo), to supplement an earlier 
translocated population, in March-May (capture) to Sept (release) 2016 
As contingency, an additional 20 frogs may be collected if there is a high 
incidence of frogs with chytrid or to achieve the optimal sex ratio for release. 
1.2 Species to be 
Translocated 
 
x Archey’s frog Leiopelma archeyi  
x NZ threat status: Nationally Vulnerable D (1/1) (Hitchmough et al 
2010). 
x IUCN Red List status – Critically Endangered. 
1.3 Type of 
Translocation 
 
x This proposal is for translocation of animals from the wild into 
captivity and wild to wild (via quarantine in captivity). 
x The species is currently held in captivity in small numbers. 
1.4 Temporary 
Translocation 
In order to allow for sexing and health assessments of frogs, those destined 
for release at Pureora (wild:wild translocation) will be held in strict 


























   
1.5 Translocation 
Overview 
(maximum 200 words) 
The translocation of 60 Archey’s frogs to Pukeokahu, Pureora Forest Park  in 
March-May 2016 (collection) – Sept 2016 (release) is proposed in order to: 
1. Enhance the genetic and demographic profile of a small breeding 
population established via translocation in 2005. 
2. Improve both the likelihood and speed of establishment of a long-term 
viable population in this translocation site. 
This action was recommended by the former Frog Recovery Group at their 
Sept 2012 meeting and is included in the Native Frog (Leiopelma spp) 
recovery plan 2013-2018 (Bishop et al, 2013). 
The translocation of 20 Archey’s frogs to Auckland Zoo in March-May 2016 
is proposed in order to: 
1. Establish a new population of healthy frogs in captivity in order to further 
research into successful, repeatable captive reproduction  
2. Establish a captive population with a favourable male:female ratio. 
3. Confirm the viability of captive reproduction and rearing as a means to 
maintain a conservation insurance population and/or as a source of animals 
for translocation to new wild locations. 
Captive management of Archey’s frogs is endorsed by the former Frog 
Recovery Group and is included in the Native Frog (Leiopelma spp) recovery 
plan 2013-2018 (Bishop et al, 2013). 
 
Contingency – should the frogs collected prove to have a severe skew in sex-
ratio or a high incidence of chytrid fungus infection, a further 20 frogs will be 
collected within 12months of the initial translocation in order to ensure the 
combined aims of this double-translocation project are not compromised. 
 
1.6 Project Manager Richard Gibson,  Curator Ectotherms & Birds, Auckland Zoo 


























   
1.8 Project Team Richard Gibson, Curator Ectotherms & Birds, Auckland Zoo, Auckland 
Zoo. Richard will lead the project and has almost twenty-five years zoo and 
field conservation experience. He was previously Curator of Lower 
Vertebrates and Invertebrates at Chester Zoo and Curator of Herpetology at 
Zoological Society of London. He has extensive captive-breeding and field 
conservation experience with a wide range of amphibians, including  the 
Montserrat mountain chicken Leptodactylus fallax, agile frog Rana dalmatina 
and Mallorcan midwife toad Alytes muletensis. Richard was instrumental in 
the development of the global Amphiban Ark and worked as the AArk Taxon 
Officer for 5 years, running more than a dozen amphibian conservation and 
husbandry workshops around the world. In May 2012, Richard successfully 
led a zoo team trip to collect and translocate 12 wetapunga from Little Barrier 
Island to Auckland Zoo - a programme which led to the successful breeding 
of the species and release of more than 700 wetapunga to islands in the 
Hauraki Gulf. 
Donald McFarlane, Team Leader Ectotherms, Auckland Zoo. Donald 
manages the team of keepers who will carry out the collection and 
maintenance of the frogs. He has more than a decade of invertebrate and 
lower vertebrate breeding and conservation programme experience working 
for the Zoological Society of London. Don moved to New Zealand in early 
2014 and has been intimately involved in four wetapunga captive to wild 
translocations in his short time in this country. 
 
Auckland Zoo ectotherm team who (with Richard and Don) collectively 
have more than 65 years of zoo-keeping experience. The team currently 
provides daily husbandry for more than 200 specimens of twenty-five native 
reptile, amphibian, freshwater fish and invertebrate species, including 
chevron, robust and Falla’s skinks, Duvaucel's geckos and northern tuatara, 
Archey’s frog, long-fin eels, giant kokopu, and wetapunga.  
Auckland Zoo veterinary staff. The staff of the New Zealand Centre for 
Conservation Medicine (NZCCM) at Auckland Zoo include three full time 
veterinarians, and a vet resident. All are very experienced, having over 30 
years of wildlife veterinary experience between them. Our vets are supported 
by a group of experienced locum veterinarians and nursing staff all of whom 
are experienced in the veterinary care and captive management of native 
species. In addition to providing veterinary services for Auckland Zoo’s 700 
animals, the NZCCM is engaged in various wildlife health research projects, 
provides wildlife health technical advice and training to a wide range of 
DOC’s threatened species recovery groups and has an MOU with the 
Department to provide clinical veterinary services in support of the Kakapo 
Recovery Programme. The zoo’s quarantine facility, managed by NZCCM 
staff, has been used on a number of occasions to species for health screening 
during translocations and is supported by the adjacent modern and well-
equipped wildlife hospital.  
Professor Phil Bishop University of Otago 
Javiera Cisternas PhD candidate, University of Otago 
 
1.9 Lead Conservancy 
(DOC staff to complete) 


























   
1.10 Affected 
Conservancy/ies 
(DOC staff to complete) 
Auckland District (Partnerships) and Northern North Island (Services) 
Central North Island, Te Kuiti (Services) and King Country Taupo 
(Partnerships) 




(DOC processing staff to 
complete) 



























   


























   
2.1 Reason  In 1996, significant declines in Archey’s frog numbers were observed in the 
Coromandel Peninsula (Bell 2004). When the fungus Batrachochytrium 
dendrobatidis was subsequently detected in the Whareorino population the 
decision was made to quickly establish an additional population using 
chytrid-free individuals. In 2005, 70 frogs were translocated from 
Whareorino to Pukeokahu in Pureora Forest Park, following extensive 
quarantine procedures. The frogs were released into an approx. 15x15m area 
of forest protected from pigs by fencing and within a rat-control region of the 
park. Since the release, 20 of the original individuals have been recaptured 
and almost 50 new individuals encountered. In order to provide the best 
opportunity to establish a long-term and self-sustaining population, we 
propose to ‘top-up’ with a further 70 frogs from the same source. The extent 
of pig-proof-fenced forest will also be expanded to provide the growing 
population with additional predator-reduced core habitat. This is an action 
recommended by the former Frog Recovery Group at their last formal 
meeting in September 2012 (minutes available on request) and which 
subsequently is included in the new Native Frog (Leiopelma spp) recovery 
plan, 2013-2018 (Bishop et al, 2013). 
Auckland Zoo has been holding Archey’s frogs since 2002 as part of a 
project initiated by the Native Frog Recovery Group. Due to a lack of 
knowledge and experience in amphibian husbandry and management among 
the group overseeing frog husbandry at the time, many deaths occurred and 
all frogs developed obvious physical symptoms of metabolic bone disease 
(including misshapen limbs, fractures and other skeletal abnormalities). Over 
the past twelve years, much has been learned about the captive husbandry of 
Leiopelma frogs and significant changes have been made to husbandry 
procedures (including provision of UV light and a varied diet high in 
‘natural’ prey items and enriched with calcium). Due to these improvements, 
physical symptoms of metabolic bone disease have now been corrected and 
this disease is unlikely to reoccur in the captive population, regardless of 
whether they are housed indoors or outdoors.  
The maintenance husbandry for this species is now well established. 
However, we have not yet been able to establish reliable and repeatable 
reproductive husbandry for Archey’s frogs. Auckland Zoo’s captive frogs 
have produced eggs most years and there has been parental care of clutches 
by males. In 2012 nine froglets were produced and ‘hand-reared’ but did not 
survive beyond a few weeks. In 2013, only three fertile eggs were laid but all 
metamorphosed and are still alive and well at the time of writing (December 
2014). Despite these modest successes, it seems likely that the historic health 
issues may have irreversibly compromised the reproductive health and 
potential of the current captive population. Furthermore, it has been 
confirmed through urinary hormone analysis, that Auckland Zoo’s Archey’s 
frog population is heavily female- biased. Of the 18 adult frogs at Auckland 
Zoo, just five are male. This skewed sex ratio is likely to further compromise 
reproductive potential. Captive breeding of Archey’s frog remains a high 
priority for the native Frog Recovery Group. Now that maintenance 
husbandry techniques are well established for the species and successful 
reproduction has been proven, it is proposed that new, healthy founders for a 
captive population are collected, in order to maximise the potential for 




























   
2.2 Appropriateness and 
Priority 
(DOC staff to complete) 
 
Priority 
A Threatened Species Recovery Plan for this species was published in 2013 
for the period 2013-2018 (Bishop et al, 2013). Threatened species recovery 
plans are statements of the Department’s intentions for the conservation of a 
particular species of plant or animal, or group of species for a defined period. 
Relevant sections of the Recovery Plan:- 
Translocations 
4.1 Review the outcomes of all native frog translocations and make 
recommendations on whether supplementation or rescue is required 
by 2015. 
Recovery Group- Essential 
Relevant Conservation Services Group staff- Essential 
4.2 Supplement or rescue translocated populations as required according to 
the results of the review in Action 4.1 by 2015. 
Relevant Conservation Services Group staff Essential 
4.3 Monitor translocations over an appropriate timeframe to measure their 
success throughout and beyond the term of this plan. 
Relevant Conservation Services Group staff -Essential 
 
Ex-situ conservation techniques  
18.1 Review and, where required, refine husbandry techniques to reduce 
mortality in captivity for the duration of this plan. 
Recovery Group & Captive institutions- Essential 
18.2 Review the diet (mineral and nutritional content) of captive frogs by 
analysing the stomach contents and faecal samples of wild frogs by 2015. 
Recovery Group & Captive institutions- Essential 
18.3 Identify and provide an appropriate microhabitat in 
captive environments to maximise the success of 
captive breeding and juvenile survival by 2018. 
Recovery Group & Captive institutions-Essential 
Strong partnership and local treasure goals for Central North Island and 
Auckland areas. 
 
In addition, the Frog Group have recommended that this translocation 
proposal is assessed as priority work for the recovery of this species. 
 
Scheduling / resourcing 
Applicant has extensive experience. It is expected the majority of funding 
will be external to support the proposal. Any short-falls in the funding of the 
proposed fence will be met by the DOC Te Kuiti budget. DOC Te Kuiti and 
Pureora staff time required is for this project which will supplement the on-
going monitoring regime implemented and overseen by DOC at the source 
and release sites. S & C has allocated a 2016/2017  budgeted provision of 
approximately $4500.00 (for contingency measures as required) because of 
the importance of these translocations to the recovery of the species.  

























   
2.3 Context Archey’s frog is one of New Zealand’s four extant Leiopelma frog species 
which represent a unique evolutionary lineage among amphibians. Thought 
to be the most archaic frog in the world; Archey’s frog is the number one 
EDGE amphibian species (ZSL, 2012).  
The species is currently known from just two regions on the North Island, the 
Coromandel Peninsula and a 6km2 area of Whareorino Forest.  It is assessed 
as Critically Endangered globally on the IUCN Red List of Threatened 
Species TM, due to a significant population decline, which was first noted in 
1996 (Bell 2004).  
Primary threats are considered to include predation by introduced mammals 
and habitat loss and modification. Additionally, the disease Chytridiomycosis 
was first identified in this species in 2001, which may have contributed to 
population declines that were documented throughout most of the species’ 
range.  
In 2005, 70 Archey’s frogs were translocated from Whareorino Forest to 
Pureora Forest to establish a third mainland population.  
The Department of Conservation published a five-year Native Frog Recovery 
Plan in 1996 (Newman, 1996), which led to the creation of the Native Frog 
Recovery Group. Since then, as more information on the status and threats to 
Archey’s frogs has become available, management has focused on mitigating 
disease and predator threats. A new Recovery Plan was published in 2013 for 
the period 2013-2018 (Bishop et al, 2013). 
Recovery actions for this species include the establishment and maintenance 
of a healthy ex-situ population to provide an insurance population and a 
captive breeding and rearing programme for potential reintroduction / 
translocation of animals to the wild. To date, there are few records of 
Archey’s frog breeding in captivity and until recently, no success with 


























   
2.4 Conservation 
Outcomes 
1. Pureora population receives genetic and demographic reinforcement to 
support its establishment and likelihood of long-term sustainability. 
2. A larger area of core habitat for the Pureora population is protected from 
pigs/deer/goats by fencing. 
3. Increased likelihood that Pureroa becomes a third secure locality for this 
endangered taonga species. 
4. A fresh captive population is established whose health has not been 
compromised by misguided husbandry regimes. 
5. A captive population is maintained under current best practice husbandry 
methods for amphibians and specifically Archey’s frog; utilising the 
experience gained through two decades of international amphibian husbandry  
development, plus a decade of experience of Archey’s frog work. 
5. Reliable, repeatable and successful reproduction is achieved, eventually to 
second generation, which will provide an indicator that best practice captive 
reproductive husbandry for Archey’s frog has been developed. 
6. The potential for long-term, captive population of Archey’s frog to act as 
an insurance population is established. 
7. The potential for release of captive-bred Archey’s frogs is established, as 
directed by the Herpetological Taxon Advisory Group / Department of 
Conservation. 
 
2.5 Operational Targets 
 
1. 100% survival during transfers.  
2. Less than 5% mortality during quarantine captivity (barring disease). 
3. Recapture of 20% or more of release animals at Pureora during any 
subsequent monitoring. 
4. Increase in number of new individuals in Pureora release site. 
5. Successful reproduction in captivity within 2 years. 
6. Minimum 50% rearing success. 
7. Second generation captive reproductive success – age to maturity 
unknown however so cannot predict a time frame. 
2.6 Research Objectives 
 
The primary reason for the wild:captive component of this translocation is to 
develop successful reproductive husbandry techniques and guidelines for 
Archey’s frog. 
Research proposed by the University of Otago as part of the translocation to 
Pureora includes: evaluation of translocation techniques; post release 
movement of frogs; habitat use and preference; post-translocation survival; 
and effectiveness of tangata whenua and community involvement with 



























   
2.7 Advocacy 
 
Although the primary purpose of the captive population of Archey’s frog at 
Auckland Zoo is for researching and developing successful reproductive 
husbandry techniques, the project also has significant advocacy potential.  
The role that zoos and wildlife parks play in conservation advocacy is widely 
accepted, including in DOC’s Captive Management of Wildlife policy (DOC 
2003). 
Research has shown that the impact of a visit to a zoo does have a 
measurable impact on the conservation attitudes and understanding of 
visitors. Zoo visits prompt individuals to reconsider their role in 
environmental problems and conservation action, and to see themselves as 
part of the solution. Visitors also believe they experience a stronger 
connection to nature because of their visit (Falk et al 2007). 
Auckland Zoo receives more than 700,000 visitors every year. Archey’s 
frogs are displayed in the Night zone (Te Pō) of the zoo’s New Zealand 
fauna precinct – Te Wao Nui. The live animal display is enhanced by 
educational interpretation in various media (including signage, keeper talks 
and online information). This includes information on the threats to Archey’s 
frog and other native species; information about the conservation work that 
the zoo, DOC, and others are doing; and gives practical suggestions for 
actions people can take to help (e.g. observing biosecurity requirements). 
Furthermore, between 35,000 students visit Auckland Zoo each year. More 
than 80 percent of these students receive formal education sessions through 
our LEOTC (Learning Experiences Outside the Classroom) Programme, 
which is partially funded by the Ministry of Education. Content of these 
sessions is curriculum bases and focuses on New Zealand ecology and/or 
endangered species programmes. Te Wao Nui zones are often used as 
teaching locations for this programme and the species within the exhibits are 


























   
3. Fit with Legal Requirements, Strategies and Plans 
3.1 Legal Requirements 
(DOC staff to complete) 
 
The various activities associated with the translocation are compatible with 
the legislation the land is held under:- 
Wharerino Conservation Area 
Pukeokahu, Pureora Forest Park  
Auckland Zoo 
The activities associated with this translocation are not inconsistent with the 
following: 
Conservation General Policy 2005 
Section 4.1 (b) Each conservation management strategy or plan should 
establish management objectives for indigenous species and their habitats 
and ecosystems and recreational freshwater fisheries and their 
habitats, consistent with planned outcomes at places, for the 
purposes of: 
i. prevention of the loss of indigenous species and the full 
range of their habitats and ecosystems; 
ii. maintenance of representative examples of the full range of 
indigenous ecosystems; 
iii. maintenance of populations of indigenous species, habitats 
and ecosystems with unique or distinctive values; 
iv. recovery of threatened indigenous species (including their 
genetic integrity and diversity), and restoration of their 
habitats where necessary; 
v. restoration of threatened indigenous ecosystems where 
necessary; 
vi. maintenance of the ecological integrity of indigenous 
ecosystems consistent with the purposes for which the land 
is held; and 
4.1 (c) Restoration of habitats and ecosystems should use locally sourced 
indigenous species except where the presence of introduced species is 
required for the preservation of indigenous species or is consistent with the 
purposes for which the land is held. 
4.1.(d) Absolutely protected wildlife, as defined in the Wildlife Act 1953, 
may be held in captivity only where there is a clear benefit for conservation. 
Archey’s frogs for this translocation are being sourced from one of the only 
two wild populations left within the species historical range. Auckland Zoo’s 
Archey’s frog captive facility and Pukeokahu are predator free.  
A translocation to these locations would be a supplementation.  
Therefore, this translocation is not inconsistent with the Conservation 
General Policy. 
Section 7: Conservation beyond public lands and waters  
“7 (e) The Department may support the protection efforts and conservation 
advocacy of other people and organisations.”  
Auckland Zoo is considered one of the Department’s key partners. The Zoo 
and Department signed a Memorandum of Understanding (MOU) in August 
2013. 
The MOU also identifies the following ‘Priority work areas for 
collaboration’: 
“Science and species recovery 
DOC to assist with the Zoo’s development of captive management and 


























   
Wao Nui” exhibit and the conservation benefits it delivers. Developing 
research, innovation, and best practice in all aspects of species recovery, in 
particular in captive breeding.” 
 
The MOU implements Conservation General Policy 7 (e). It is considered 
that the MOU also supports the Department assisting the Zoo in their 
aspirations to acquire further species for Te Wao Nui.  
 
 Auckland Conservation Management Strategy 2014-2024 (CMS) 
The following policies apply: 
 “6.1.1.4 Build partnerships with others, including Auckland Council   and 
tangata whenua, to maintain or restore locally treasured natural heritage.” 
“6.1.1.9 Advocate for and work with Auckland Council, Waikato councils 
and the community (including landowners), to protect natural heritage off 
public conservation lands and waters within Auckland at risk of permanent 
degradation, such as priority ecosystems for conservation, threatened and at 
risk species and significant geological features, landforms and landscapes 
selected from Appendix 9.” 
Auckland Zoo is a division of Regional Facilities, Auckland, an Auckland 
Council Controlled Organisation.  
 
Waikato Conservation Management Strategy 2014-2024  
Part One 
Pureora Forest Park is the Waikato’s best example of a continuous area of 
indigenous forest, and is renowned for its unlogged podocarp forests, which 
provide important habitat for Threatened species including North Island kākā 
(Nestor meridionalis), native bats and North Island kōkako (Callaeas 
cinereas).  
 
5.1.1.1 The diversity of New Zealand’s natural heritage is maintained and 
restored with priority given to: 
a) conserving a full range of New Zealand’s ecosystems to a healthy 
functioning state, with an emphasis on priority ecosystems in 
Appendix 4; 
b) supporting the work of others to maintain and restore ecosystem types 
selected from Appendix 2; 
c) conserving Threatened species to ensure persistence with an emphasis on 
those species listed in Appendix 6. 
Archey’s frogs is listed on Appendix 6 
 
15.2.1 OUTCOME 
Pureora is recognised as a place of ecological importance and as a nature 
tourism destination, with diverse cultural and historic values, and many 
backcountry recreation opportunities. 
Populations of Threatened and At Risk species, including North Island kākā, 
North Island kōkako, native bats, Dactylanthus taylorii and native frogs, are 
maintained and expanding in their range. Interested parties lead and assist 
with protection of threatened and at risk species, including North Island  
kōkako and whio/blue duck. 
 
15.2.2.4 Identify biodiversity restoration and protection priorities that local 
marae, hapū, iwi, the community and other organisations can assist with or 
lead at Pureora with guidance from the Department. 
 


























   
effects, on a regular and ongoing basis. 
This translocation is not inconsistent with both the Auckland CMS 2014-
2024 and the Waikato CMS 2014-2024. 
 
This translocation is not inconsistent with the Tāmaki Makaurau Redress Act 
which was passed by Parliament on 24 July 2014. 
 
Consultation undertaken with affected iwi for both the source of the species, 
and the release site has been consistent with any protocols in place with 


























   
3.2 Management Plans 
and Strategies 
 
x Auckland Zoo Strategic Plan (2011). 
This translocation proposal fulfils all five strategies outlined in Auckland 
Zoo’s Strategic Plan (2011).  
- Managing our Wildlife exceptionally - through continuing to develop 
and  implement exemplary practice in their husbandry management, whilst 
developing successful captive breeding techniques. 
- Inspiring our Community to value wildlife - through providing our 
visitors with immersive environments in the Night zone of Te Wao Nui 
which presents an opportunity to see an Archey’s frog and an 
understanding of the habitats they live in; and through engaging visitors 
emotionally through experiences of wildlife that feel close and rare, (e.g. 
special encounters, keeper talks etc. 
- Building understanding of wildlife - through providing informative 
interpretation and educational activities for the public. 
- Galvanising action for wildlife - through providing suggestions to 
encourage the community to take actions that will reduce the impact of 
our lifestyles on threatened species and environments; providing 
opportunities for the community to be involved with the Zoo’s efforts to 
conserve wildlife in natural environments; and through forming 
collaborative partnerships. 
- Conserving wildlife in wild places - through undertaking a population 
augmentation at Pukeokahu and through the development of techniques 
for the captive management and breeding for potential safety-net and/or 



























   
3.3 Species Recovery 
Plan and Recovery 
Group 
 
This species was first covered by the 1996 Native Frog (Leiopelma species) 
Recovery Plan (Newman 1996). The plan extended over five years and led to 
the formation of the Native Frog Recovery Group. Since the production of 
the first plan, new information on threats, population status and declines have 
been discovered.  
In 2004, the Native Frog Recovery Group reviewed the achievements of the 
1996 Plan and recommended the preparation of a new Native Frog Recovery 
Plan. This document was published in 2013 (Bishop et al, 2013) and 
recommends actions covering the translocations proposed here: 
Page 9 – 3.1.7 Options for recovery and preferred option. Items 2, 3 and 4. 
Page 10 – 3.2.2 DOC statement of intent. Objectives 2,4 and 5 and Objectives 
2 and 4. 
Page 12 – Goals: 4.2.1 Management. Goal 1.3. 
                           4.2.2 Community relations. Goal 2.1 and 2.2. 
                           4.2.3 Research. Goal 3.3 and 3.4. 
Page 17 - 5.1.4 Translocation: Objectives 4.1 and 4.2. Actions 4.2, 4.3. 
Page 19 – 5.1.5 Captive management: Objectives 5.2, 5.3 and 5.5. Actions 
5.1, 5.3. 
Page 20 – 5.1.6 Habitat restoration: Objective 6.1. Action 6.3. 
Page 23 – 5.2 Community relations: Objectives 10.1 and 10.2. Actions 10.2, 
10.4. 
Page 24 – 5.2.2 Community led conservation initiatives. Objective 11.1. 
Actions 11.1, 11.2. 
Page 26 – 5.2.4 External funding and collaboration. Objective 13.1. Action 
13.3. 
Page 27 – 5.3 Research. Objective 14.2. Actions 14.1, 14.7. 
Page 32 – 5.3.5 Ex situ conservation techniques. Objectives 18.1 and 18.2. 
Actions 18.1, 18.2, 18.3. 
The former Native Frog Recovery group fully supported all components of 
this translocation proposal (meeting 13/14 September 2012). 
3.4 Captive 
Management Plan and 
Captive Coordinator 
 
There is no formal captive management plan for this species. The species is 
held in one collection only and its management is documented and objectives 
outlined in the Zoo & Aquarium Association (ZAA) Species Annual Report 
and Recommendations (2014 report attached). 
The coordinator of this programme is Richard Gibson at Auckland Zoo. 
 
 
4. Source Population 
4.1 Likely Sources 
 
The possible source populations for collecting Archey’s frog for this 
translocation are Whareorino Forest and the Coromandel Peninsula. 


























   
 surveying here (DOC annual monitoring of impact of rat-control) has shown 
there are robust populations of frogs, especially within the predator controlled 
regions of this location. It would be realistic to collect the frogs required as 
densities of up to 1 frog per m2  have been reported (McKenzie, pers. comm., 
2012). 
Furthermore, the frogs translocated to Pureora in 2005 where of Whareorino 
origin so it is preferable to maintain this provenance. 
Regular surveying in the Coromandel seems to indicate that the population 
density is much lower in this region (Baynes, pers. comm., 2012).   
4.3 Effects of Removal 
 
It is not expected that the removal of 80 (max 100) frogs from Whareorino 
Forest will have significant effect on the population. In fact, the 1080 
poisoning applied across the Whareorino Forest recently may help frog 
numbers throughout the forest increase to similar densities seen in the smaller 
predator controlled areas (McKenzie, pers. comm., 2012).  
5. Release Site  
5.1  Establishment of Captive Animal Populations 





Auckland Zoo has a current permit to hold Archey’s frog (permit number 
36414-CAP (schedule 5)). 
The proposal meets the requirements of the Department’s Captive 
Management Policy and the Captive Management SOP.  
Archey’s frogs have been held in captivity at Auckland Zoo since 2002.  
The Captive Management Policy lists Category 1 : Captive Management for 
Direct Conservation purposes. Absolutely protected wild life may be held for: 
Recovery of threatened species where this is a priority action for the long-
term conservation of a threatened species in its natural habitats. Archey’s 
frogs in captivity at Auckland Zoo meet this requirement. Captive 
Management in the Native Frogs Recovery Plan is used to: \ 
• Develop and refine captive husbandry techniques 
• Help secure from extinction the most threatened taxa and ESUs 
• Advocate for all native frog species and their conservation 
5.1.2 Captive Facilities Contact person: 
Richard Gibson 





Telephone: (09) 360 4875 
Auckland Zoo was established in 1922 and is the largest captive facility in 
New Zealand (in terms of number of species held, staff and visitors). The Zoo 
currently holds more than 130 animal species. 
The Zoo established a specialist Ectotherm team in 2011 (previously all 
native species were cared for by the NZ Fauna team), led by Richard Gibson 
(who’s experience is summarised in section 1.8).  
The Ectotherm team at Auckland Zoo, comprising six full-time permanent 


























   
specimens of twenty-eight or more native species of reptile, amphibian, 
freshwater fish and invertebrate, including; Archey’s frog, chevron, robust, 
western grand and Otago skinks, Duvaucel's, rough and jewellled geckos, 
long-fin eels, black mudfish and giant kokopu and wetapunga, cave weta and 
kauri snails. 
The facilities available for the care of the collection are second-to-none with 
high specification enclosures on and off show and access to top of the range 
specialist equipment. Archey’s frogs are maintained in three separate 
locations: 
1. A bank of eight 1x1x1m outdoor enclosures providing a large, natural 
environment with deep substrate, planting and ample refugia. Climate 
broadly follows local climate but is tempered with the use of chilled 
water pipes running through the substrate to ensure cool retreat 
temperatures in summer and a sprinkler system to provide additional 
rain as needed. Successful breeding has been achieved in these 
enclosures. 
2. A brand new 6x4m climate-controlled isolation unit in which frogs 
are quarantined and/or housed for indoor management. In this unit, 
frogs are housed in a variety of enclosures and provided with the very 
best artificial UV-emitting illumination, day:night and seasonally 
varied climate to match NZ seasons, and rain and misting systems. 
This is where frogs collected in the proposed translocations will be 
housed for the circa 4-5months of winter quarantine. 
3. A dedicated climate-controlled room with a 1.5x1x0.5m naturalistic 
display enclosure facing into the Te Wao Nui Night Forest exhibit. 
Frogs have spawned and guarded eggs in this enclosure but the eggs 
were not fertile. 
5.1.3 Existing Captive 
Population 
Auckland Zoo has held a captive population of Archey’s frogs since 2002. 
The health and reproductive potential of this captive population was 
compromised by early misguided husbandry regimes and there is a large bias 
towards females in the population (of the 18 frogs at Auckland Zoo, only 5 
are males). This skewed sex ratio further compromises reproductive potential 
given that the species shows paternal brood care. (Please see section 2.1 for 
more information). 
The current 18 and 3 captive-bred juvenile frogs are housed across the three 
facilities outlined above (section 5.1.2). 
Twelve of the adult frogs originate from Whareorino while 6 adults originate 
from Coromandel.  Frogs of different provenance are maintained separately 
and all individuals are identified via photo id. The three juveniles were 
produced by the Coromandel group. 
5.2 Establishment of Cultivated Plant Populations 
5.2.1 Management of 






























   
5.3  Release Site is in the Wild 
5.3.1 History of the 
species at the release site 
 
Seventy Archey’s frogs were released at Pukeokahu in Pureora Forest Park, 
in 2005 following evidence of chytrid in the Whareorino population. 
Following screening for chytrid, the frogs were released into a 15x15m site 
protected from pigs by a fence and within an area of forest under permanent 
rodent control. 
The population has established itself to some degree with annual surveying 
identifying 20 of the original release founders and almost 50 new individuals. 
However, the long-term viability of the population would undoubtedly 
benefit from additional frogs for both genetic and demographic reasons. 
5.3.2 Description of 
Release Site 
An approx. 15x15m area of suitable forest habitat in the Pukeokahu area of 
Pureora Forest Park is already fenced with pig/deer/goat-proof fencing and 
received frogs in 2005.  The protection of forest from these destructive 
mammals has greatly facilitated the recovery of suitable frog habitat. 
Rodent control in Pukeokahu significantly reduces rat numbers in this forest 
and climatic variables are within the known preferences of other Archey’s 
frog populations. 
The existing frogs are monitored intensively within a 10x10m grid inside the 
fence area and ad hoc searches are conducted in the remainder of the fenced 
area as well as immediately outside the fence. 
The majority of frogs encounters are within the fenced area but given the low 
level of dispersal and mobility observed naturally in Archey’s frogs this is 
perhaps, not surprising.  
 
The frogs from the translocation proposed here will be released into an 
additional ~15x15m adjacent fenced site. 
The detailed design of the new fence at Pukeokahu has not been finalised at 
this time.  Following a site visit on 15th May 2015 by Prof Phil Bishop 
(UoO), Dr Jen Germano (DOC Hamilton), Javiera Cisternas (UoO), Tertia 
Thurley (DOC Te Kuiti), Abi Quinnell (DOC Te Kuiti) and Doug Taucher 
(DOC Te Kuiti), it is proposed that a team with representatives of Iwi, 
Auckland Zoo, DOC, the Frog Group, and the University of Otago visit the 
site near the time of the next planned monitoring session to undertake 
searches to determine the distribution of frogs outside the existing fence.  
This information will be used to inform the design of the new fence and, if 
financially achievable, in such a way that it encompasses most of the resident 
frogs detected.  Furthermore, consideration will be made of the pros and cons 
of modifying the fence design to provide frog proofing in order to 
differentiate between dispersal and death of frogs not recaptured in the 
future.   
There will likely be minor effects on vegetation and substrate during the 
construction of the new fence.  The distribution of frogs determined at the site 




























   
5.3.3 Temporary 
Holding Area 
Frogs collected from Whareorino will be held in a purpose-built facility at 
Auckland Zoo. Permanent isolation from all other wildlife, captive and wild, 
and close climatic control will provide the best possible conditions while 
frogs are sexed and screened for disease. 
Following completion of tests, up to 60 chytrid-free frogs of approximately 
1:1 sex ratio will be selected for release. 
5.3.4 Suitability of 
Release Site for the 
Species 
 
The release site has already demonstrated its suitability for Archey’s frogs.  
5.3.5 Current 
Management at Release 
Site 
Inspection and maintenance of mammal-fence (which is proposed for 
extension in this programme) by DOC staff during annual frog monitoring. 
Ongoing rodent control with trapping grid. 
Annual intensive and ad hoc monitoring of frogs on four nights per year by 
DOC Waikato. 
5.3.6 Security of Habitat The release site is in a remote location within the Pukeokahu region of 
Pureora Forest park. There are no clear trails to the site and human activity in 
the area is very are with the exception of frog biologists and occasional 
hunters. There has been no malicious damage recorded to the mammal-fence 
in the seven years since the original release. 
6. Ecological Impacts at Release Sites in the Wild 




6.2 Within Species 
Interactions 
 
We would expect the introduction of additional frogs to greatly increase the 
chances of population establishment in the long-term. 
Frogs will be released into habitat adjacent to existing core frog population to 
minimise direct competition between established and introduced frogs – 
though current density is far lower than observed in Whareorino. 






Requirements for other 
Indigenous Species 
Not applicable. 
6.5 Additional Site 
Management and 
Impacts 
We propose to extend the mammal-proof fence to increase the area of core 
habitat for frogs. This can be done with little impact on the vegetation. 
6.6 Restriction of Future 
Options 
Not applicable. 
6.7 Weeds and Animal 
Pests 


























   
7. Disease Management 
7.1 Disease Management 
Requirements for Plants 
 
Not applicable. 
7.2 Animal Disease 
Management Protocol 
 
Please see attached DRA, produced in consultation with James Chatterton, 
Senior Veterinarian at Auckland Zoo. 
Current DOC Frog Handling and Hygiene Protocols will be followed at all 
times. 












8. Translocation Design 
8.1 Learning from Past 
Translocations 
 
Archey’s frogs have previously been successfully translocated from the wild 
into captivity on many occasions. Though the applicant has no direct 
experience of these collections it is my understanding that initial transfer was 
very successful but longer-term survival has been variable, owing largely to 
an historic poor understanding of frog husbandry requirements. Husbandry is 
greatly improved however and we envisage a high level of success in 
adaptation to captivity. 
 
In 2005, 70 Archey’s frogs were translocated to Pureora Forest Park to 
establish a third mainland population, after chytrid fungus was detected in the 
Whareorino population. 
One of the essential factors to ensure a successful translocation is to pay close 
attention to the temperature of the frogs in transit, making sure they are kept 
cool at all times and do not go above 15°c. 




We will aim to collect 80 adult frogs, ensuring a minimum snout-vent length 
of 2.5cm, which should indicate this. 
Sexing in the hand is not reliable but an effort will be made to select approx. 
50:50 frogs that appear to be male (smaller and more slightly built) and 
female (larger and plumper) respectively. 
Following sexing (by assay of sex hormones in urine collected non-invasively 
via capillary tube placed against cloacal opening) and chytrtid screening in 
the quarantine facility at Auckland Zoo, up to 60 chytrid-free frogs will be 
selected with approx.. 1:1 sex ratio for release in Pureora. 



























   
8.3 Timing It is proposed that frogs are collected in March/April/May 2016. This time of 
year is considered optimal, as both sexes of frogs will be actively feeding, 
post breeding season and prior to the onset of the colder winter weather. Both 
sexes are expected to be equally active and visible at this time of year. This 
will provide a greater chance of collecting a more equal ratio of 
males:females compared to collecting during the breeding season when the 
males are brooding egg clutches. 
Wild release of frogs will occur in September, avoiding the coolest months 
but ahead of the October breeding season. 
8.4 Pre-transfer 






All frogs will be collected during three to four nights of field work and held 
in 100ml ventilated plastic vials with damp paper towel. Vials will be placed 
in cool dark conditions until transfer out of the forest. 
Searches will take place at night, using head-torches, in areas pre-approved 
by DOC staff and avoiding established frog-monitoring locations. Frogs will 
be selected from at least 5 locations a minimum of 100m apart to ensure a 
representation of genetic diversity of the source population without imposing 
excessive or inefficient collection effort or damage to vegetation. No more 
than 20 individuals will be collected from any one collection site. Specific 
collection locations to be determined in consultation with Te Kuiti Services 
Office and FG representatives. Auckland Zoo / DOC staff will collect adult 
frogs (>2.5cm svl) by gloved-hand. The location of all frogs collected will be 
recorded. 
Frogs will be placed in cool boxes, in an air-conditioned vehicle to be 
transported to Auckland Zoo. Cool boxes will be equipped with ice-packs and 
thermometers to monitor temperature throughout. Spare ice packs will be 
carried in a separate cool box. 
8.6 Release/Planting 
 
On arrival at Auckland Zoo, frogs will be housed individually in small 
enclosures for health screening and sexing.  
Frogs will undergo a health check including parasitological and 
bacteriological screening, chytrid fungus PCR and x-ray.  
Urine will be collected for hormonal analysis to determine sex. 
Due to their potential involvement in captive-wild translocations in the 
future, these frogs will remain in permanent isolation from all other animals. 
Frogs for release at Pureora will be maintained at the Zoo over winter and 
released in suitable weather (warm and humid/wet) in mid-late September 
2016. They will be transported as described above. At release, frogs will be 
liberated at night into a newly-fenced patch of forest adjoining the original 
release site. Soft release is not indicated – frogs will be hard-released after 
dark in suitable weather. 
 
8.7 Dispersal from the 
Release Site 
Dispersal from the fenced habitat is expected over a period of months by 


























   
8.8 Short-term Post 
Release Management  
Not applicable.  
8.9 Contingency Plans 
for Unexpected Results  
Should the frogs collected prove to have a severe skew in sex-ratio and or a 
high incidence of chytrid fungus infection, a further 20 frogs will be collected 
within 12months of the initial collection in order to ensure the combined aims 
of this double-translocation project are not compromised. 
Only frogs testing –ve for chytrid fungus will be released at Pureora.  
Frogs testing +ve for chytrid in quarantine will be separated from those 
testing –ve, barrier managed according to standard protocols and their 
quarantine extended for further testing. Such frogs testing –ve at two 
subsequent tests may be released at Pureora whilst frogs testing +ve at any 
subsequent test will NOT be released and will be maintained ex situ. These 
frogs will either be treated for the fungus or maintained long-term and 
allowed to self-cure after discussion with relevant expert amphibian 
veterinarians and Leiopelma experts. Their suitability for later release should 





This combined translocation undertakes two former Frog Recovery Group 
recommended actions including a wild:wild translocation that DOC staff 
acknowledge should be undertaken but they no longer have the resources to 
prioritise. 
The techniques and processes outlined are tried and tested. 
The source site has a large and healthy population of frogs and both the 
captive and wild receptor sites are proven. 
Both translocations will benefit the conservation of this threatened taonga 
species. 
10. Research and Monitoring 
10.1 Research 
 
The primary reason for the translocation of Archey’s frogs from Whareorino 
to Auckland Zoo is to develop reliable and repeatable reproductive husbandry 
techniques in captivity. 
Captive research will primarily include: 
1. Determining the optimal sex ratios and group sizes to house frogs to 
achieve successful reproduction. 
2. Observing and documenting reproductive behaviour. 
3. Maintaining frogs on a reverse-lighting cycle so we can observe them 
at ‘night’.  
The urine and disease screening samples required during quarantine will 
contribute to our knowledge of the Whareorino population’s adult sex ratio 
and disease status. 
Research proposed by the University of Otago as part of the translocation to 
Pureora includes: evaluation of translocation techniques; post release 


























   
and effectiveness of tangata whenua and community involvement with 




The captive population will be serviced daily and will be monitored closely. 
Detailed records on health and behaviour will be maintained in the 
ISIS/ZIMS record keeping system. 
The existing Pureora population is monitored annually using established 
intensive and ad hoc survey techniques by resident DOC staff. No additional 
scheduled monitoring is planned for this translocation owing to limited DOC 
resources. However, evidence of adult survival and recruitment through 
reproduction may be evident through the established monitoring regime. 
Otago University PhD candidate Javiera Cisternas, proposes to organise and 
undertake post release monitoring in consultation with the Te Kuiti Services 
Office and under supervision of Prof Phil Bishop.  Javiera intends to involve 
local iwi by training them to successfully monitor the frogs so they become 
more engaged with frog conservation.  She has experience working with local 
communities and frog conservation in Chile. 
The Whareorino (source) population is currently monitored annually by DOC 
with assistance from Auckland Zoo. 
11. Consultation and Community Relations 
11.1 Specialist Advice 
Refer to Chapter 6 
Members of the former Native Frog Recovery Group were consulted in 
advance of preparing this proposal. 
Individuals:  
Lisa Daglish, (former Native Frog Recovery Group Chair) 
Bridget Baynes, DOC Ranger, Coromandel 
Kate McKenzie, DOC Ranger, Whareorino Forest (Native Frog Recovery 
Group Chair at the time) 
Ben Bell, Victoria University 
Phil Bishop, Otago University 
Mandy Tocher,  
Olliver Ryder, Department of Conservation 
 
DOC staff Lynn Adams, James Reardon, Rod Hitchmough, Jen Germano, 
Dave Smith, Tertia  Thurley, Dave Houston, Pieter Tuinder, Rebecca Rush 
and Annette Fasher-Dow have assisted with preparation of the Translocation 
Outline and reaching the stage of submitting this proposal 
The removal of Archey’s frog from Whareorino Forest and the subsequent 
arrival at Auckland Zoo will be of importance to Maori. Details of 






























   
 Members of Auckland Zoo’s Iwi Reference Group, including representatives 
of iwi with mana whenua within the geographic area administered by 
Auckland Council (Ngati Whatua o Orakei, Kawerau a Maki, Waiohua), will 
be advised of planned translocations and will be invited to comment on the 
final proposal.  
Iwi consultation relevant to the collection and release sites will be required 
and we fully expect to host a powhiri or mihimihi when translocated frogs 
arrive at, and depart from, the Zoo. 
11.3 Key Stakeholders 
 
Current and past chair and members of the former Native Frog Recovery 
Group have been extensively consulted in the preparation of this proposal. 
See attached correspondence and Outline document. 
Department of Conservation are collaborating in planning and executing this 
programme, including the installation of fencing, access to sites for collection 






Initially, we will provide information on the Zoo website and publicise the 
display of the species at Auckland Zoo and the wild release. 
Future events such as reproductive milestones, or any future release of 
captive bred frogs, will also be publicised through the various Auckland Zoo 
communications channels – including through the media if possible.  
Auckland Zoo’s Discovery and Learning department will seek to incorporate 
Archey’s frog conservation into the Zoo’s schools education programme. 
There is scope for community/iwi participation in the release of frogs at 
Pureora and via standing invitation to visit the captive frogs and facilities at 
the zoo. 
11.5 Public Interest 
Issues Management 
 
There are negligible contentious issues surrounding the proposed 
translocation of Archey’s frog from Whareorino Forest into captivity at 
Auckland Zoo. 
The only potential issue is concerning the actual removal of wild animals 
from Whareorino. We are therefore seeking consent and full support of iwi 
and key stakeholders. 
One of Auckland Zoo’s five over-arching strategic statements is to ‘Manage 
our wildlife exceptionally’. To achieve this, we are committed to developing 
and implementing exemplary practice in the management of the species we 
work with. Our specialist team of Ectotherm keepers provide the animals 
translocated to Auckland Zoo with the very highest standard of husbandry. 
12. Budget 
12.1 Business Plan 
(DOC proposals only) 
Not applicable. 




e.g. equipment, contract 
workers, freight, transport 
Cost  $ Source of funding 


























   
(animals and people), staff 
hours, predator control 
Travel to field sites 
(collecting trip and 
release trip) 
1000   Auckland Zoo/DOC 
Personnel for collecting 
trip: 2x AZ and 2x DOC 
for 5 days 
10days 
FTE 
  Auckland Zoo covers zoo staff and DOC 
covers DOC staff 
Food for collecting trip (2 
AZ staff and 2 DOC staff 
for five days)  
600   Auckland Zoo and DOC 
Accommodation 
collecting trip:  2 AZ + 2 
DOC staff x 4 nights – 
DOC huts 
In-kind   DOC 
100 frog transport 
containers 
100   Auckland Zoo 
50 quarantine enclosures 250 Auckland Zoo
Quarantine of frogs – care 
and tests 
5000   Auckland Zoo 
Hormonal testing 5000 AZ Conservation Fund 
Chytrid fungus screening 5000   AZ Conservation Fund 
Construction of 45m of 
mammal-fencing abutting 





  AZ Conservation Fund 




25,000 35,000 35,000 Auckland Zoo / DOC (existing contract) 
 
13. Permits and Approvals 
13.1 Permits and 
Approvals 
 
x A permit is required to cover capture, handling, transport and release of a 
protected species (Wildlife Act, 1953). If accepted, this proposal will 
generate the necessary permits.  
x A permit is required to hold Archey’s frog in captivity. Auckland Zoo has 
this permit in place - please see section 5.1.1. for details.  
13.2 Collection of 
Samples 
 
No samples will be collected from frogs other than for the purpose of disease 
screening (through skin swabs) and sexing via urinary hormones. 
 
13.3 Effects of the 
translocation 
Will your proposal have any direct or 
indirect effects on the following 
conservation values at the source and 































   
13.3 Effects of the 
translocation 
Will your proposal have any direct or 
indirect effects on the following 
conservation values at the source and 





Yes No N/A Yes No N/A 
1. Natural waterways or bodies of water?  9   9  
2. Any disturbance of native vegetation?  9   9  
3. Disturbance to soils, wetlands or any other natural feature?  9   9  
4. Wildlife species (other than those being transferred) either 
within or near the area where you want to operate? 
 9   9  
5. Historic or archaeological sites?  9   9  
6. Other people using the site?  9   9  
7. Will your activity affect the visual amenity of the site (i.e. 
will there be any aviaries etc. visible at the site or from areas 
adjoining the site)? 
 9   9  
8. Is it possible that your activity will introduce weeds, 
including lake weeds, or seeds of weeds into the area? 
 9   9  
9. Is there a risk of fire from your activity?  9   9  
10. Will significant noise be caused by your activity?  9   9  
11. Is there any aspect of your activity that will affect current or 
future public access to the area? 
 9   9  
12. Will your activity affect plants, animals or sites of traditional 
importance to Maori and who have you consulted over this 
matter? 
9   9   
13. Will your activity have any positive effects on natural or 
historic values? 
 9   9  
14. Will your activity promote understanding of conservation?  9  9   
 
13.4 Beneficial Effects x Maintaining Archey’s frog at Auckland Zoo has significant advocacy 
benefits and helps to promote the understanding of conservation through 
reaching approximately 700,000 people that visit Auckland Zoo each year. 
See section 2.7 for more information. 
x Understanding of the reproductive husbandry will be enhanced. 
x Captive population of frogs will be increased and reproductive. 
x Pureora population f frogs will be supplemented and its viability 
enhanced. 
x The security of the species in the wild will be increased by the improved 
viability of a third locality. 
x Our understanding of and expertise in frog translocation will be enhanced 
with a view to further conservation of the species.
13.5 Measures to avoid, 
remedy or mitigate 
adverse effects of the 
translocation 
 



























   
 




Bell, B.1994. A review of the status of New Zealand Leiopelma species (Annura: Leiopelmatidae), 
including a summary of demographic studies in Coromandel and on Maud Island. New Zealand Journal of 
Zoology 21(4): 341-349. 
 
Bell, B. 2002. Experience of captive breeding the four extant Leiopelma species. A report to the Native 
Frog Recovery Group. January 2002. 16p. 
 
Bell, B.2004. Leiopelma archeyi. In: IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2. 
<www.iucnredlist.org>. 
 
Bishop, P.J., Daglish, L.A., Haigh, A.J.M., Marshall, L.J., Tocher, M.D. and McKenzie, K.L. 2013. Native 
frog (Leiopelma spp.) recovery plan, 2013-2018. New Zealand DOC. 
 
Department of Conservation, 2003. Captive Management of Wildlife Absolutely Protected Under the 
Wildlife Act 1953. Approved Policy. Department of Conservation. Available online at: 
http://www.doc.govt.nz/upload/documents/about-doc/role/policies-and-plans/protected-wildlife-policy.pdf  
 
Falk, J.H., Reinhard, E.M., Vernon, C.L., Bronnenkant, K., Deans, N.L. and Heimlich, J.E., 2007. Why 
Zoos & Aquariums Matter: Assessing the Impact of a Visit. Association of Zoos & Aquariums. Silver 
Spring, MD. 
 
Hitchmough, RA., Hoare, JM., Jamieson, H., Newman, D., Tocher, MD., Anderson, PJ., Lettink, M. and 
Whitaker, AH. 2010. Conservation status of New Zealand reptiles, 2009. New Zealand Journal of Zoology, 
37: 3, 203 - 224. 
 
ZSL 2012. EDGE Evolutionary Extinct and Globally Endangered. Amphibians - Top 100. Online. 












































   
15. Appendices 
 
See attached documentation or links 
1. Signature Page for Form 9 a 
9a declaration.pdf
 
2. Form 9 A Translocations- Archeys frogs- Auckland Zoo Form 9a amended as per RGs request April 
2015 (hyperlinked) 
 
3. Captive Management Plan – to be received from Richard Gibson (to be received prior to the 
translocation from Whareorino- to be a condition of permit) 
 




_afrog (2).pdf  
 
5. Native frog (Leiopelma spp.) recovery plan, 2013–2018 
Bishop et al. - 2013 - 
Native frog (Leiopelm 




















































   
Iwi Consultation log 
Consultation and feedback for translocation proposal to translocate Archey’s frog from Whareorino Forest 
to Auckland Zoo (wild to captive) and Whareorino to Pureoara Forest Park (via Auckland Zoo) (wild to 
wild) 
 
Iwi consultation undertaken 
 
1. Iwi to consult: source site, Whareorino Forest 
 




Dave Smith, CSM, Te 
Kuiti 
6 July 2015 I caught up with the iwi group from 
Whareorino today and all seemed pretty positive 
about the translocation. 
I just need to tidy it up with an exchange of emails, 
hopefully over the next few days. 





2. Iwi to consult: release site, Pureora Forest Park 
 














3. Iwi to consult: release site, Auckland Zoo 
 
Iwi Contact  Email address Response received  
Ngati Paoa   Lucy Tukua  kaitiaki@ngatipaoa.co.nz  1. Outline sent:  1/10/14‐ no 
response 













































   











2. Proposal sent:  4/2/15- Ngāti 
Whātua Ōrākei (NWŌ) 
supports the proposal and the 
expertise of the Auckland Zoo 
and Doc. representatives.  
in handling and looking after the 
 Taonga. 
Nga mihi nui 
Pani Gleeson 
Kaiawhina(administrator) 
Toki Taiao (Environment,  Heritage 






7/7/15 Hi – thanks, yes, I talked to the Whareorino iwi about all these on Monday, Regards, Dave 
 
From: Dave Smith  
Sent: Monday, 6 July 2015 4:38 p.m. 
To: Richard Gibson 
Cc: Annette Fasher-Dow 
Subject: RE: Frog reports 
Hi Richard 
Thanks 
I caught up with the iwi group from Whareorino today and all seemed pretty positive about the 
translocation. 
I just need to tidy it up with an exchange of emails, hopefully over the next few days. 




From: Oliver Overdyck  
Sent: Wednesday, 24 June 2015 2:11 p.m. 
To: Annette Fasher-Dow 
Cc: Dave Smith; Dave Houston 
Subject: FW: Archey's Frog Translocation 
Hi Annie, 
I spoke with Dave Smith yesterday morning and we discussed the points in the first email below.  I’ve 
summarised our discussion here. 
Progress with iwi consultation:  No response from iwi at this stage.  I’ll leave it to you and Dave to liaise 










































Dave – please correct of clarify any of the above if necessary. 
Annie – I’ll get on to looking at the latest version of the proposal shortly.  Some of the comments above 
may address specific questions you sent me and Dave Houston in your last email? 
 
From: Oliver Overdyck  
Sent: Monday, 22 June 2015 11:17 a.m. 
To: Dave Smith 
Cc: Annette Fasher-Dow 
Subject: Archey's Frog Translocation 
Hi Dave, 
When you are back in tomorrow can you give me a call about the Archey’s frog translocation please? 
















From: Nicholas Turoa  
Sent: Thursday, 18 June 2015 2:38 p.m. 
To: Tahi Rangiawha; TeRangi Maniapoto; Huia Lloyd 
Cc: Annette Fasher-Dow 
Subject: FW: Archeys frog iwi consultation 
Tena koutou, 
I understand that this Te Kuiti has the fortunate position that have 3 pou looking after it.... 
Don’t mean to be a pain but just wondering if someone could help Annie and make sure that this is tracking  
What we hear is that there are some tricky relationship issues with the iwi at  Whareorino and that the 
consultation is being handled by the local services manager. 
At our end, The Zoo is wanting to push for consultation to occur sooner, and is talking about contacting iwi 


























   
Just wondering if one of you can in touch with Dave and give him any support if he needs it. As well as 
keeping Annie up to date with where things are at 
Im on leave next week ( the GC my tanga!) so please talk directly with Annie 
Nga mihi ano  
N  
21/7/15 File note from Annie after chat with Nick - Nick advised Annie that he had spoken with the 
Central NI Pou, who advised that consultation should continue through Erana and Dave Smith. Dave 
Smith’s progress with Whareorino iwi was relayed to Nick by Annie. 
Nick advised that iwi with interests in Auckland Zoo should be kept informed of and invited to any events 
(closer to the time) even if they have not replied or commented). 
 
From: Pieter Tuinder  
Sent: Friday, 5 June 2015 1:32 p.m. 
To: Richard Gibson 
Cc: Annette Fasher-Dow 
Subject: RE: wotta lotta weta and Frog stuff 
Hi Richard. That  is an impressive number of weta indeed. It will be interesting to see how they go on the 
Noises. 







From: Annette Fasher-Dow  
Sent: Tuesday, 26 May 2015 10:33 a.m. 
To: Pieter Tuinder 
Cc: Dave Houston; Rebecca Rush 
Subject: FW: Frog Experts Comments on Archey's Frog Translocation Proposal 
Hi Pieter 
The Frog Group’s advice on the Archey’s Frog full proposal follows. I will discuss the advice and 
comments regarding the Husbandry Plan, Programme outline and Advocacy Plan (as per the requirements 
of the SOP) with Dave Houston and then perhaps we can give you an update on our positions before we 
pass the advice onto Richard Gibson. I would like to give Richard the advice asap this week. I might also 
have to seek your help regarding getting information from Dave Smith on the iwi situation at Whareorino – 
I am having a bit of trouble getting hold of him for an update. 
 
From: Erana Stevens  
Sent: Monday, 11 May 2015 4:24 p.m. 
To: Annette Fasher-Dow 
Subject: RE: Archey's frogs- Translocation proposal iwi comment 
































   
From: Erana Stevens  
Sent: Friday, 27 February 2015 9:50 a.m. 
To: Dave Smith; Annette Fasher-Dow; Tertia Thurley 
Subject: RE: Archey's frogs- Translocation proposal iwi comment 
Hi all, 
I spoke to a rep last week. Rereahu are going to discuss this at their next meeting, and a recommendation is 
being put forward to support the translocation. They would like to powhiri the people when they come to 
do the translocation (so the release; collection is acknowledged as being none of Rereahu’s business). 
 
From: Dave Smith  
Sent: Thursday, 5 February 2015 10:28 a.m. 
To: Annette Fasher-Dow 
Cc: Erana Stevens 
Subject: FW: Translocation proposal 
Hi Annie 
Comments from Te Kuiti re frog translocation. 
































   
Approval of Translocation Proposal 
(Responsibility of DOC to complete when assessing the proposal)   
Refer to Chapters 6 - 8 in “Processing Translocation Proposals SOP” (DOCDM-315123) 
 
16.1 Recovery Group The Frog Recovery Group has reviewed the completed proposal. 
The Frog Recovery Group directly, or through the Partnership Ranger, has 
been in communication with the applicant throughout this 24 month process 
and issues raised and advice and recommendations made by the Frog Group 
have been discussed with the Applicant. Agreement has been reached 
between the parties on all issues that the Frog Recovery Group have 
considered to be significant. 
16.2  Introductions 
Expert Group  
N/A 
16.3 Legal A Departmental solicitor has not reviewed the completed proposal. 
Permissions Hamilton seek legal advice as part of processing the 
translocation proposal if necessary. 
16.4 Area Manager(s) 
Concurrence 
Support received from Dave Smith, CSM, Te Kuiti and Pieter Tuinder, CPM, 
Auckland District 
16.5 Concurrence of 
Affected Conservator(s) 
For multi-conservancy proposals, state whether the Conservator(s) of 
Affected conservancy(s) support the proposal being approved, briefly list any 
concerns they had and how they have been addressed. 
Highlight any dissenting views that prevent Affected Conservancy 
concurrence, and require GMO to approve/decline the translocation proposal. 
 
16.6 Inform GMO If the GMO needs to be informed about the translocation, specify which 
GMO and the reason for informing them. Otherwise record N/A. 
The GMO must be informed prior to the transfer if the translocation is; 
x A re-introduction 
x An introduction  
(refer to Section 1.3 for definitions) 
 
General Manager Operations Name: Mike 
Slater_________________________ 
 































This translocation proposal is  Approved / Not Approved 
 
Lead Director’s Name 
Markerita Poutasi 






Date:   /  / . 
 
 
16. Permissions Database References and Due Dates for Reports 
(DOC staff to complete) 
Refer to Chapter 9 in “Processing Translocation Proposals SOP” (DOCDM-315123) 
 
17.1 Permissions Database References 
 Permissions number Permissions type 
Translocation proposal 
Permit to …..(description) 
Permit to ….(description)   
 
17.2 Reports Required Due Dates
Transfer report(s)  






































































































































































































































































































Whareorino forest is 1 of 2 wild population sites for Leiopelma archeyi, or Archey’s frogs and is 
located west of Te Kuiti. 
Since 2002 149 Archey’s frogs have been translocated from Whareorino forest to captive 
institutes and a secure site called Pukeokahu, south of Te Kuiti. On the 11th of April 2016, 80 
frogs were removed from Whareorino and taken to Auckland Zoo, with plans for 60 of those 
frogs to be translocated to Pukeokahu in the spring and 20 to remain in Auckland Zoo to 
bolster their captive breeding efforts. 
2 DOC staff, 2 staff from Auckland Zoo and a PHD student from Otago University spent 2 
hours collecting the frogs from a protected area in Whareorino. They had expected to be onsite 
for 2 days. 
Each frog went into its own container with ventilation holes in the sides and a damp paper 
towel on the bottom and a few dead leaves were put into the container to provide cover.  After 
collection, the frogs were stacked into chilly bins with instant chiller-bags to keep them cool, 
and then transported to Auckland Zoo.  
The first Pukeokahu translocation was in 2006. At that time 70 frogs were released, and 
through monitoring it has been established these frogs have survived and bred on site.  
As at December 2014, 21 of the original 70 frogs released into the wild at Pukeokahu had been 
re-caught since their 2006 release.  In addition, 113 frogs bred on site have been caught.  
Monitoring for the 2015 calendar year has not been analysed yet.  
Auckland Zoo currently has 10 adult frogs from Whareorino and has been successful in 
breeding Archey’s at their facility. A further 7 juvenile frogs with Whareorino lineage 
successfully hatched from eggs laid in October 2015. 
Iwi from the source site, along with iwi from the receiving site and other interested 
stakeholders will be on-hand for the spring release at Pukeokahu.  L:ocal staff are hoping to 
have Nicola Toki attend as well. 
Enc: photo P4121035 – Auckland Zoo staff getting ready to transport frogs, date 11 Apr 2016. 






















36-2979905-Translocation Report Feb 2017 on Archey’s frog transfer 
	
	


















































































































































































































































































;ƵŵŽůͬ>Ϳ ͬƌ;ŶŐͬŵŐͿ ^Ğǆ  / ;ƉŐͬŵ>Ϳ
ƌ
;ƵŵŽůͬ>Ϳ ͬƌ;ŶŐͬŵŐͿ ^Ğǆ
ϭ ϯϬϴ͘ϲ ϭϬϬ Ϯϳ͘ϯ D  ϯϲ Ϯϵϳ͘Ϭ ϳϭ ϯϳ͘Ϭ &
Ϯ ϳϲϲ͘Ϯ Ϯϭϳ ϯϭ͘Ϯ &  ϯϳ ϭϬϮϰ͘ϴ ϰϳ ϭϵϮ͘ϴ &
ϯ ϱϵϵ͘ϴ ϲϰ ϴϮ͘ϴ &  ϰϬ Ϯϯϵ͘ϵ Ϯϵ ϳϯ͘ϭ &
ϰ ϱϱϬ͘ϵ ϭϵϯ Ϯϱ͘Ϯ D  ϰϮ ϭϲϴϳ͘ϯ ϴϳ ϭϳϭ͘ϱ &
ϱ ϭϬϯ͘ϯ ϱϵ ϭϱ͘ϱ D  ϰϯ ϯϱϭ͘ϰ Ϯϭϰ ϭϰ͘ϱ D
ϲ ϭϳϱϬ͘ϱ ϭϭϰ ϭϯϱ͘ϳ &  ϰϰ ϯϬϱ͘ϵ ϵϵ Ϯϳ͘ϯ D
ϳ Ϯϳϭ͘ϭ ϭϭϰ Ϯϭ͘Ϭ D  ϰϲ ϭϵϴ͘ϭ Ϯϰ ϳϯ͘Ϭ &
ϴ ϰϴ͘Ϯ ϱϭ ϴ͘ϯ D  ϰϳ ϰϯ͘ϰ ϯϯ ϭϭ͘ϲ D
ϵ ϮϲϴϬ͘ϱ ϴϴ Ϯϲϵ͘ϯ &  ϰϴ ϭϯϯϬ͘Ϯ ϲϮ ϭϴϵ͘ϳ &
ϭϬ ϱϯϲ͘ϴ ϯϬϲ ϭϱ͘ϱ D  ϰϵ ϮϲϬ͘Ϯ ϭϳϬ ϭϯ͘ϱ D
ϭϭ ϭϬϭϳ͘Ϯ ϴϬ ϭϭϮ͘ϰ &  ϱϬ ϴϮϳ͘ϰ   &͍
ϭϮ Ϯϲϲ͘ϳ ϭϱϮ ϭϱ͘ϱ D  ϱϭ ϭϬϭϯ͘ϯ ϱϮ ϭϳϮ͘ϯ &
ϭϯ ϴϯ͘ϵ ϭϮϲ ϱ͘ϵ D  ϱϮ ϭϯϬϯϬ͘ϳ ϱϵϰ ϭϵϯ͘ϵ &
ϭϰ ϱϮ͘Ϭ ϯϴ ϭϮ͘ϭ D  ϱϯ ϰϴϮ͘Ϯ Ϯϯϭ ϭϴ͘ϱ D
ϭϱ ϭϬϴ͘ϴ ϭϯϮ ϳ͘ϯ D  ϱϰ ϭϬϱϰ͘ϲ ϭϮϳ ϳϯ͘ϰ &
ϭϲ ϯϯϰ͘ϰ ϮϵϮ ϭϬ͘ϭ D  ϱϱ ϰϮϴϰ͘ϲ ϲϭϭ ϲϮ͘Ϭ &
ϭϴ Ϯϳϱ͘ϵ ϲϬ ϰϬ͘ϳ &  ϱϳ ϯϳϳ͘ϰ ϮϯϮ ϭϰ͘ϰ D
ϭϵ Ϯϱϴϲ͘ϳ ϭϲϳ ϭϯϲ͘ϵ &  ϱϴ ϭϳϮ͘ϵ ϯϱϯ ϰ͘ϯ D
ϮϬ ϲϳ͘ϭ ϵϰ ϲ͘ϯ D  ϲϬ Ϯϳϵ͘ϱ ϭϰϮ ϭϳ͘ϰ D
Ϯϭ ϵϬ͘ϱ ϱϯ ϭϱ͘ϭ D  ϲϭ ϰϴϰ͘ϵ ϳϵ ϱϰ͘ϯ &
Ϯϯ ϭϱϭ͘ϭ ϵ ϭϰϴ͘ϱ &  ϲϮ ϮϬϲ͘Ϭ ϱϱϯ ϯ͘ϯ D
Ϯϱ ϯϰϮ͘ϰ ϭϲϳ ϭϴ͘ϭ D  ϲϯ ϭϮϲϯ͘ϴ ϯϮϳ ϯϰ͘Ϯ &
Ϯϲ ϮϰϮ͘ϵ ϭϭϭ ϭϵ͘ϯ D  ϲϰ Ϯϰϳ͘ϯ Ϯϰϯ ϵ͘Ϭ D
Ϯϳ ϯϱϲ͘ϵ ϴϮ ϯϴ͘ϱ &  ϲϱ ϯϱϵ͘ϱ Ϯϱϵ ϭϮ͘ϯ D
Ϯϴ ϯϲϰ͘ϱ ϭϮϭ Ϯϲ͘ϲ D  ϳϭ ϵϬϳ͘Ϭ ϭϱϭ ϱϯ͘ϭ &
Ϯϵ Ϯϲϭ͘ϳ ϭϴϯ ϭϮ͘ϲ D  ϳϱ ϯϰϵ͘ϰ ϭϰϮ Ϯϭ͘ϴ D
ϯϬ Ϯϯϯϭ͘ϰ ϯϮϲ ϲϯ͘Ϯ &  ϳϲ ϭϭϵ͘ϵ ϱϲ ϭϴ͘ϵ D
ϯϭ ϯϯϬ͘ϱ ϭϲϯ ϭϳ͘ϵ D  ϴϬ ϳϱϯ͘ϭ ϭϴϲ ϯϱ͘ϴ &
ϯϯ ϳϭϰ͘ϴ ϭϱϱ ϰϬ͘ϴ &      
ϯϰ Ϯϲ͘ϳ ϴϭ Ϯ͘ϵ D      














































































12-(1-5)-88649-Archey’s frog emergency transfer record of final destination 
 
 
Emergency Translocation - Final destination of individual Archey's frogs
Field ID HZ  ID Location Collection Site SVL (mm) Final Destination Date of transfer/release
F6 1 south F 27 wild site 13-Dec-06
F13 2 south F 25 wild site 13-Dec-06
F3 3 south F 23 wild site 13-Dec-06
F10 4 south F 24 wild site 13-Dec-06
F17 5 south F 23.5 Otago University 7-Dec-06
F5 6 south F 28 wild site 13-Dec-06
F1 7 south F 30 wild site 13-Dec-06
F18 8 south F 27 Otago University 7-Dec-06
F19 9 south F 36 wild site 13-Dec-06
F31 10 south F 23.5 wild site 13-Dec-06
F20 11 south F 27 Otago University 7-Dec-06
F15 12 south F 30 wild site 13-Dec-06
F12 13 south F 33 wild site 13-Dec-06
F7 14 south F 33 Auckland Zoo 4-Dec-06
E5 15 south E 28 Auckland Zoo 4-Dec-06
E13 16 south E 25 wild site 13-Dec-06
E8 17 south E 26.5 wild site 13-Dec-06
E18 18 south E 29 wild site 13-Dec-06
E16 19 south E 28 wild site 13-Dec-06
D9 20 south D 25 Auckland Zoo 4-Dec-06
D7 21 south D 30.5 Auckland Zoo 4-Dec-06
D6 22 south D 25.5 wild site 13-Dec-06
D14 23 south D 31.5 wild site 13-Dec-06
D4 24 south D 28 Auckland Zoo 4-Dec-06
D8 25 south D 28 wild site 13-Dec-06
D15 26 south D 32.5 wild site 13-Dec-06
D11 27 south D 25 wild site 13-Dec-06
F45 28 south F 30 Auckland Zoo 4-Dec-06
G8 29 south G 29 wild site 13-Dec-06
G13 30 south G 25 Otago University 7-Dec-06
G9 31 south G 31 wild site 13-Dec-06
G10 32 south G 26 Auckland Zoo 4-Dec-06
G17 33 south G 23 wild site 13-Dec-06
G18 34 south G 29 wild site 13-Dec-06
G7 35 south G 27 Auckland Zoo 4-Dec-06
G6 36 south G 27.5 wild site 13-Dec-06
G24 37 south G 29.5 wild site 13-Dec-06
G22 38 south G 25 wild site 13-Dec-06 DEAD
G15 39 south G 28 Otago University 7-Dec-06
G30 40 south G 31 wild site 13-Dec-06
G2 41 south G 25 wild site 13-Dec-06
G27 42 south G 25 wild site 13-Dec-06
G12 43 south G 27 Otago University n/a DEAD
G26 44 south G 34 wild site 13-Dec-06
G16 45 south G 34 wild site 13-Dec-06
G25 46 south G 32 wild site 13-Dec-06
G4 47 south G 31 wild site 13-Dec-06
G29 48 south G 33.5 Auckland Zoo 4-Dec-06
G20 49 south G 29 Auckland Zoo 4-Dec-06
G19 50 south G 30 wild site 13-Dec-06
G21 51 south G 33 wild site 13-Dec-06
G5 52 south G 28 wild site 13-Dec-06
A27 53 north A 26.5 Auckland Zoo 4-Dec-06
A23 54 north A 37.5 wild site 13-Dec-06
A29 55 north A 27 wild site 13-Dec-06
A22 56 north A 36 wild site 13-Dec-06
A28 57 north A 26.5 wild site 13-Dec-06
A24 58 north A 36 wild site 13-Dec-06
A26 59 north A 28 Auckland Zoo 4-Dec-06
A34 60 north A 35.5 wild site 13-Dec-06
A20 61 north A 28 wild site 13-Dec-06
A11 62 north A 30.5 Otago University 7-Dec-06
A33 63 north A 27.5 wild site 13-Dec-06
A12 64 north A 26 wild site 13-Dec-06
A31 65 north A 27.5 wild site 13-Dec-06
A30 66 north A 29 wild site 13-Dec-06
A35 67 north A 28.5 wild site 13-Dec-06
A25 68 north A 27 wild site 13-Dec-06
A10 69 north A 30 wild site 13-Dec-06
A16 70 north A 35.5 wild site 13-Dec-06
A3 71 north A 25.5 wild site 13-Dec-06
A2 72 north A 36.5 wild site 13-Dec-06
A8 73 north A 29 Auckland Zoo 4-Dec-06
A1 74 north A 34 wild site 13-Dec-06
A9 75 north A 36 wild site 13-Dec-06
A4 76 north A 35 wild site 13-Dec-06
A18 77 north A 25 wild site 13-Dec-06
A6 78 north A 32 wild site 13-Dec-06
B15 79 north B 25.5 wild site 13-Dec-06
B17 80 north B 27.5 Auckland Zoo 4-Dec-06
B10 81 north B 32 Auckland Zoo 4-Dec-06
B25 82 north B 30 wild site 13-Dec-06
B18 83 north B 27 wild site 13-Dec-06
B24 84 north B 35.5 wild site 13-Dec-06
B13 85 north B 27 wild site 13-Dec-06
B14 86 north B 37.5 Auckland Zoo 4-Dec-06
B9 87 north B 25.5 wild site 13-Dec-06
B23 88 north B 29 wild site 13-Dec-06
B12 89 north B 29 wild site 13-Dec-06
B2 90 north B 24 wild site 13-Dec-06
B11 91 north B 35 wild site 13-Dec-06
C5 92 north C 31 wild site 13-Dec-06
C3 93 north C 32 Otago University 7-Dec-06
C1 94 north C 33.5 Otago University 7-Dec-06
C9 95 north C 35 Otago University 7-Dec-06
C8 96 north C 30.5 Otago University 7-Dec-06
C12 97 north C 35 Otago University 7-Dec-06
C7 98 north C 32.5 Otago University 7-Dec-06
C13 99 north C 29 wild site 13-Dec-06
















































































































































































































































































































































































































































































































Field ID HZ  ID Location Collection Site SVL (mm) Final Destination Date of transfer/release
F17 5 south F 23.5 Otago University 7-Dec-06
F18 8 south F 27 Otago University 7-Dec-06
F20 11 south F 27 Otago University 7-Dec-06
G13 30 south G 25 Otago University 7-Dec-06
G15 39 south G 28 Otago University 7-Dec-06
G12 43 south G 27 Otago University n/a DEAD
A11 62 north A 30.5 Otago University 7-Dec-06
C3 93 north C 32 Otago University 7-Dec-06
C1 94 north C 33.5 Otago University 7-Dec-06
C9 95 north C 35 Otago University 7-Dec-06
C8 96 north C 30.5 Otago University 7-Dec-06
C12 97 north C 35 Otago University 7-Dec-06




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































- Release frogs according to map
- Select release point based on suitable habitat (where possible keep frogs within 4m2 blocks as mapped - use habitat to decide exact location)
- Lay out frogs along lane in containers beside suitable habitat (KEEP OUT OF SUNLIGHT)
- Release frogs working down lane from 10 to 0
- Always release the frog uphill of you
- Find moist, cool and dark retreats in fern roots/under logs (check moisture/temp - use fingers - before releasing)
- Do not release frogs into dry/warm/sunny retreats
- You may need to hollow out a small (5 cm) retreat if releasing into fern roots/clumps
- Spray the release retreat with water, and the frog if 'dry'
- Handle each frog with new gloves
- Gently place the frog beside the retreat facing the direction you want them to move then GENTLY nudge them forward into the retreat
- Cover entry point with leaf litter
- Mark release point with white numbered plant tag
- BEWARE THE FROGS MAY MOVE - LOOK BEFORE YOU MOVE
- Record the retreat type and location to the nearest m2 g A5, C7 etc
- Exit the lane on completion and do not walk back through the release area.
- CHECK CONTAINTERS TO MAKE SURE ALL FROGS HAVE BEEN RELEASED
THANK YOU!!!!
RELEASED UNDER TH  OFFICIAL INFORMATION ACT
OIA-23 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Left Right Left Right
P228 1 DSC_5770‐5771 1 1 0 0 1100‐P228 M2 P228
P229 4 DSC_5644‐5645 0 0? 0 0 0000‐P229 S4 P229
P230 5 DSC_5646‐5647 0 1 1 1 0111‐P230 K2 P230
P231 8 DSC_5648‐5649 0 0 0 0 0000‐P231 O5 P231
P232 10 DSC_5650‐5651 1 0? 1 1 1011‐P232 S13 P232
P233 12 DSC_5652‐5653 1? 1 0 0 1100‐P233 W9 P233
P234 13 DSC_5654‐5655 1? 1 0 0 1100‐P234 T16 P234
P235 14 DSC_5656‐5657 0? 1 0 0 _100‐P235 T15 P235
P236 15 DSC_5659‐5660 1 1 0 0 1100‐P236 N9 P236
P237 16 DSC_5661‐5662 0 0 0 0 0000‐P237 G9 P237
P238 20 DSC_5663‐5664 1 1 0 0 1100‐P238 K3 P238
P239 21 DSC_5665‐5666 1 1 1 1 1111‐P239 N11 P239
P240 25 DSC_5667‐5668 0? 0? 1 1 __11‐P240 G12 P240
P241 26 DSC_5669, 5671 0 1 1 0 _110‐P241 U14 P241
P242 29 DSC_5672‐5673 0? 0 0 0 _000‐P242 T13 P242
P243 31 DSC_5674‐5675 1 1 1 0 1110‐P243 H9 P243
P244 34 DSC_5676‐5677 1 0 0 0 1000‐P244 U4 P244
P245 35 DSC_5678‐5679 1 1 0 0 1100‐P245 O15 P245
P246 43 DSC_5680‐5681 0 0 0 0 0000‐P246 U17 P246
P247 44 DSC_5682‐5683 0? 0? 0 0 0000‐P247 J1 P247
P248 49 DSC_5684‐5685 1 1 0 0 1100‐P248 H11 P248
P249 53 DSC_5686‐5687 1 1 1 0 1110‐P249 L6 P249
P250 57 DSC_5689‐5690 0 0 0 0 0000‐P250 U10 P250
P251 64 DSC_5691‐5692 1 0? 0? 1 1011‐P251 O1 P251
P252 65 DSC_5694‐5695 0 0 0 0 0000‐P252 S18 P252
P253 75 DSC_5696‐5697 1 0 0 1 1001‐P253 M4 P253
P254 76 DSC_5698‐5699 1 1 0 0 1100‐P254 G3 P254
P255 9 DSC_5700‐5701 0 1 0 0 0100‐P255 L18 P255
P256 11 DSC_5702‐5703 0 0 1 0 0010‐P256 T14 P256
P257 18 DSC_5705‐5706 1? 0? 0 0 1000‐P257 Q9 P257
P258 19 DSC_5707‐5708 0 0 1 1 0011‐P258 O2 P258
P259 23 DSC_5709‐5710 1 1 0? 1 1101‐P259 G5 P259
P260 27 DSC_5711‐5712 1 0 0 1 _001‐P260 M12 P260
P261 30 DSC_5713‐5714 0 0 0 1 0001‐P261 V15 P261
P262 33 DSC_5715‐5716 0 1 0 1 0101‐P262 K5 P262
P263 36 DSC_5717‐5718 1? 1 0 1 1101‐P263 L1 P263
P264 37 DSC_5719‐5720 0? 1 1 1 1111‐P264 I7 P264
P265 40 DSC_5721‐5722 0 0 0 0 0000‐P265 R8 P265
P266 42 DSC_5723, 5725 0 0 1 1 _011‐P266 R6 P266
P267 46 DSC_5726‐5727 0? 0? 0 1 0001‐P267 V14 P267
P268 52 DSC_5728‐5729 1? 1? 1 1 _111‐P268 G8 P268
P269 54 DSC_5730‐5731 1? 1? 0 1 1_01‐P269 N4 P269
P270 55 DSC_5732‐5733 0 1 0 0 0100‐P270 L15 P270
P271 61 DSC_5734‐5735 0 0 0 0 0000‐P271 R1 P271
P272 17 DSC_5736‐5737 1 1 0 0 1100‐P272 V16 P272
P273 22 DSC_5739‐5740 0 0 1 0 0010‐P273 M1 P273
P274 24 DSC_5741‐5742 1 1 0 0 1100‐P274 J5 P274
P275 45 DSC_5743,5745 0 0 0? 0 _0_0‐P275 N20 P275
P276 56 DSC_5746‐5747 0 0 0 0 0000‐P276 W14 P276
P277 66 DSC_5748‐5749 1 1 0 0 1100‐P277 H1 P277
P278 68 DSC_5750‐5751 0? 1 0 1 0101‐P278 R11 P278
P279 69 DSC_5752‐5753 1 1 1? 0 1100‐P279 S17 P279
P280 70 DSC_5754‐5755 0 0 0 0 0000‐P280 U9 P280
P281 72 DSC_5756‐5757 0 0? 0 0 0000‐P281 R18 P281
P282 73 DSC_5758‐5760 1 1 1 0 1110‐P282 M20 P282
P283 74 DSC_5761‐5762 0 0 0 0 0000‐P283 L2 P283
P284 77 DSC_5763‐5764 0 0 0 0 0000‐P284 J12 P284
P285 78 DSC_5765, 5767 1 0 0 0 1000‐P285 H6 P285
P286 79 DSC_5768‐5769 0? 1? 1 0 0110‐P286 K6 P286


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix B: Research components that derive management recommendations 




Translocations as ‘a stringent test’ of the autecological knowledge of the target 
species (Denton et al. 1997). Thus, translocations should be thought of as experimental trials 
that test different strategies, and the underlying theory behind the design should be made 
explicit (Armstrong and McLean 1995). Trials in translocations differ from ‘real’ 
experiments because they are often carried out without replicates or control groups (Kemp et 
al. 2015). The accumulation of empirical evidence could be used to plan future translocations 
(Chauvenet et al. 2015). It is acknowledged that the principles for inductive-reasoning are not 
fulfilled with trials, but given that in most cases translocations focus on threatened species, 
the benefits of doing a trial instead of missing the opportunity to learn are worthwhile (Kemp 
et al. 2015). 
Some previous translocations of Leiopelma species have been treated as trials. For 
instance, Bell et al. (2004b) reported that L. hamiltoni frogs released in Boat Bay (Cook 
Strait) in 1984 settled closer to the release site than did a second group of frogs released in 
1985 in exactly the same location. This suggests a territoriality effect, that is, frogs from later 
release avoided sites already occupied by frogs. In another translocation of the same species, 
from Maud Island to Long Island, Germano (2006) investigated the effect of familiarity after 
translocation, i.e. whether there was a different outcome between translocations of frogs that 
were all collected from the same area and translocations of frogs collected from different 
distant areas. She found no differences in post-release dispersal between the two groups of 
frogs (released with a familiar or unfamiliar frog). In a further example, Tocher et al. (2006) 
used a modelling approach (matrix population modelling; after Caswell 2001) to determine 
the size (and sex) composition of the cohort of L. hamiltoni frogs to translocate from 
Stephens Island to Nukuwaiata Island in order to provide the greatest chance of success. 
The translocation of L. archeyi to Pukeokahu is, so far, the only one carried out with 
this species. There have been two releases, one in December 2006 and the other in October 
2016 (see Chapter 1 and 2). A description of the author’s contribution to this translocation in 



















1. Deciding the size and sex composition of the frogs to be collected  
 
Planning the optimal age and sex composition of a release group for the translocation 
of terrestrial anuran species requires two critical aspects to be considered: post-release 
survival of the translocated frogs and reproductive fitness in the long-term.  
There is no information about the effect of different age or sex on the survival rate of 
translocated L. archeyi individuals. However, it has been suggested that adults survive better 
than juveniles in captivity (Smale and Wallace 2006). Furthermore, Bell et al. (2004a) 
reported a female bias in the survivors of the population crash that took place on the 
Coromandel Peninsula between 1991-1994. Further research is required to study the 
relationship between survival and size of frogs (see Chapter 7).  
Following examination of the size frequency of frogs observed in the release site 10 
years after release, and in the donor site (Figure B1), it was recommended that large frogs 
(potentially female) should not be collected, in order to prevent a female bias in the 
translocated population (i.e. SVL female: 27-37 mm [Bell 1978a; Chapter 2]). It was 
determined that the most likely way of achieving a healthy population would be to have a 
large proportion of juvenile-sized individuals, similar to the donor population (as shown for 
Whareorino-Grid C in Figure B1). 
 
 
Figure B1. Frequency (density plot) of the size of frogs (SVL) observed during monitoring 
nights at Grid C on the Whareorino area (grid C) (data from 2005-2014) and the release area 
in Pukeokahu (grid P) (data from 2007 to 2015). Red lines represent the size range known for 
male individuals of L. archeyi. (Raw data from DOC database).  
 
 
2. Deciding on the location of an extension to the herbivore-resistant fence  
 
In order to prevent browsing and rooting damage at the site a fence was erected to 
exclude pig and deer from the site, encompassing an area of c. 400 m2 (Figure 2.6 and 2.7 in 
Chapter 2) (Smale and Wallace 2006). It was planned to release 60 more frogs in 2016, and 
so an extension of the fence to cover an additional 15 m x 15 m area, was recommended 
(Gibson and Gibson 2015). Thus, the question arose: Where should the fence extension be 
located and how big should it be? The criterion used was to enclose the greatest possible 
number of frogs present in the area. Knowledge of the frogs’ location was based on the 
monitoring session of December 2014 (DOC monitoring), November 2015 (DOC 
monitoring) and a random search carried out in February 2016 (three people searching, 
random walking, four hours, one night [the author and two field assistants]) (Figure B2).  
In July 2016, the herbivore-resistant fence was extended to enclose an additional c. 
1200 m2, adjacent to the 400 m2 already fenced. Initially, the extension was only going to 
cover an area of 225 m2 (15 m x 15 m proposed in Gibson and Gibson 2015). However, the 
institution responsible for the translocation (Auckland Zoo) kindly agreed to cover the extra 
cost of this larger extension in order to incorporate areas where clusters of frogs were 
observed outside the 2006 fenced area (Figure B2).  
Figure B2. Frogs observed in Pukeokahu during monitoring in December 2014 (yellow dots), 
November 2015 (green dots) and February 2016 (purple dots). 2006 release grid (red square) 











3. Selecting optimum environmental conditions for the release site 
 
To determine the ideal weather conditions in which to release the frogs in Pukeokahu, 
it was assumed that the least stressful scenario would have conditions within the ranges of 
temperature and humidity in which most numbers of frogs were captured during monitoring 
at this locality. These represented the weather conditions in which a frog would naturally be 
outside its retreat site. A heat-map of the numbers of frogs observed at Pukeokahu during 
monitoring between 2006 and 2017, with respect to the air temperature and relative humidity 
at the time, was undertaken using software package R (R Core Team 2014) (Figure B3). The 
monitoring database was provided by DOC (see details in Chapter 3). Even when it might be 
difficult to follow these recommendations, climatic variables should be monitored very 
closely to ensure that frogs are only released during suitable conditions.  
 
 
Figure B3. Heat map of the numbers of frogs captured per night of monitoring in relation to 
the air temperature (ºC) and relative humidity (%) observed during monitoring at Pukeokahu 









































4. Designing trials to investigate post-release dispersal  
 
When carrying out translocations, it is important to study post-release dispersal, as 
this has a direct effect on the monitoring design and in the delimitation of the area in which 
habitat management is required. For instance, in 2006, the frogs translocated to Pukeokahu 
were released in a 10m x 10m grid, following a similar procedure (described by Haigh et al. 
2007a) used to monitor the Whareorino populations. However, even though the monitoring 
procedure was used successfully in the Whareorino populations, the low numbers of captures 
and recaptures obtained at Pukeokahu prevented the same kind of analyses being applied 
there. Moreover, even though it was proposed in the 2006 monitoring design to monitor an 
extended search area outside the release grid, lack of resources meant that only the 2006 grid 
was consistently monitored. This reduction in the total area to be covered with the monitoring 
prevented us from determining whether the low number of frogs encountered was due to 
mortality or to dispersal out of the 2006 grid. Thus, information on post-release dispersal in 
L. archeyi will help in improving the decision on how to select a representative sample of the 
release area to monitor. Likewise, if predator control is essential to provide good quality 
habitat for a translocated species, it would be useful to know how far the animals move from 
the release point in order to design the optimal predator control program.  
This trial was intended to increase understanding of post-release dispersal patterns in 
relation to the microhabitat composition of the release site. During monitoring in the donor 
and release sites (fours grids in Whareorino and one grid in Pukeokahu), it was observed that 
frogs mostly occurred associated with the presence of terrestrial (non-epiphytic) ferns 
belonging to the genera Blechnum and Asplenium (Figure B4). Thus, the underlying 
hypothesis of the trial was that post-release dispersal of translocated L. archeyi is correlated 
with the habitat quality of the release site (i.e. the greater the cover of ferns, the less likely 
frogs will be to disperse post-release).  
 
 
Figure B4. Microhabitat features observed in donor and release population sites 
during monitoring at Whareorino (2003-2014, N=1996) and Pukeokahu (2007-2014, N=291). 



























To determine the level of fern-cover at ground level in Pukeokahu, ten 1 m x 1 m 
plots, haphazardly located outside the 2006 fence area (i.e. same area where the trunk 
coverage of bryophytes was studied in Chapter 5), were measured in February 2016. Levels 
of fern cover at Pukeokahu were visually estimated using a cover scale modified from Hurst 
and Allen (2007, p. 38).   
Based on the results obtained after measuring the ten 1 m2 plots (Figure B5), three 
arbitrary categories were assigned to the levels of fern cover: high, medium, and low. These 
categories were then assigned to 360 1m2 sites (Figure B6), located approximately at the 
centre of the 2016 fence extension (see Figure 2.3 in Chapter 2). The 1m2 sites used the 
existing coordinates of the lanes and distances that were regularly used during monitoring in 
Pukeokahu (see Chapter 3 for details in monitoring areas used since 2006 release).   
 
 
Figure B5. Frequency (density plot) for fern cover values observed at Pukeokahu, measured 
in 10, 1m2 plots in February 2016. Arbitrary categories used by the author: Low = fern cover 
less than 15%. Medium = fern cover between 15% and 50%. High = fern cover more than 
50%.   
 
To achieve internal validity of the data, four competing variables were controlled: 
 
i. Size of the frogs: Dispersal movements of an individual frog are related to its size, 
(Peters 1983). Thus, the size of the frogs should be included as a covariant in analyses 
of this trial.  
 
ii. Territoriality: Bell et al. (2004b) showed that L. hamiltoni individuals released in 
other individuals’ territory tend to travel large distances until settling in an area where 
frogs were previously absent. In the present translocation, no frogs were released in 
sites (i.e. 1m2 plot) where any other frogs were present, although home range for this 
species was estimated at 4.35 m2 (Ramírez 2017). 
 

































iii. Familiarity between individuals: Germano (2006) showed no differences in post-
release dispersal for L. hamiltoni frogs released with neighbours (frogs collected in 
the same place, i.e. familiar frogs) than within non-neighbours. To prevent familiarity 
effects, no familiar frogs were assigned to adjacent sites (i.e. 1m2 plot) (Figure B7).  
 
iv. Tree canopy cover: this variable is associated with the humidity of the release site. No 
frogs were released in sites (i.e. 1m2 plot) with less than 65% of total canopy cover 
(Figure B6). This is the lowest value observed for vegetation canopy cover in 
Pukeokahu forest, according to vegetation surveys carried out in February 2016 (for 
details of measurements, see Chapter 5). 
 
 
Fern cover category 
  G H I J K L M N O P Q R S T U V W X 
33 l l D D D l l m l h m D D D m l l l 
32 l l D D D l D m m m l m m D m l l l 
31 l l l l l l l l l l m m m D m l l l 
30 l l l l l l l l m l l l h D m l l l 
29 l l D D l l l l l D l l m m m m m l 
28 l l l l l m D D l D D l l l h h m l 
27 l D D l D D D D l D D D m m h h h m 
26 l l l l l D D D D l l m l l D D m m 
25 h l l l D D l D D l l l D D m m m m 
24 h l l D D D l l l l l l m D m l h l 
23 l h l D D D D m l l D l l l l l m h 
22 m l l l D D D h l m m l l l l l l m 
21 m m m m D D D h D m m l l l l l l l 
20 h h h h h m l D D D l l l m l l l l 
19 l m m l m m m m l l l l l l l l l m 
18 h m m h m l m m l l l l l l l l l m 
17 m h m m m h m m l l l l l l h l l l 
16 h h m m h h m m l l l l D l m m l l 
15 h m m l m h h h l l l l l l m l l l 
14 m h m h m h m m m l m h D l m l l l 
 
Figure B6. Fern cover category for 360 1m2 plots. l: Low fern cover (less than 15%). m: 
Medium fern cover (between 15% and 50%). h: High fern cover (more than 50%). D: < 65% 
tree canopy cover. Letters G to X: 1 m column lanes. Numbers 14 to 33 in bold: 1 m wide 
row lanes.  
 
The sex of each frog released was determined by Auckland Zoo who measured 
hormone-metabolites in urine collected from the frogs during captivity, after Germano et al. 
(2012) (Gibson 2017; Chapter 2). Then, at the release site, 60 frogs were placed in randomly 
selected 1m2 grid cells after controlling for familiarity of individuals (Figure B7) and two 
levels of stratification (fern cover and sex of the frog individuals) (Figure B8). 
 
Collection site 
  G H I J K L M N O P Q R S T U V W X 
33             I II                     
32                                     
31           IV           II IV           
30                         I    IV       
29                           II   I      
28           IV     III         IV   III     
27                           III II I IV   
26                         IV I          
25 II     I     II                       
24   III           I       I             
23                             IV       
22 II III           III     I        III   III   
21 I                      II             
20 IV   IV                               
19   I      III IV           I             
18 II     I II       II                    
17             I  IV         I   IV       
16 I       II                           
15         I  IV I   I                    
14   IV   III   III II   III     II             
Figure B7. Distribution of frogs released at Pukeokahu in 2016 according to their site of the 
collection in the north area of Whareorino. Numbers I to IV, refer to the number of the donor 
site where the frog was collected (source: OIA-24; see Table 2.2 in Chapter 2). Blue squares: 
low fern cover. Yellow squares: medium fern cover. Green squares: high fern cover. Letters 
G to X: 1 m column lanes. Numbers 14 to 33 in bold: 1 m wide row lanes. See definitions in 
the text. Total area 2016 release grid = 360 m2. 
 
Post-release dispersal of individuals was measured as the total distance travelled (i.e.: 
x (horizontal) + y (vertical) distances) by an individual between its release point and 
subsequent recaptures during monitoring. The monitoring referred to here corresponds to the 
demographic monitoring established in Pukeokahu in 2007 (see Chapter 3), which was 
designed to estimate demographic parameters. To measure the movement of the translocated 
frogs, a different monitoring design should be carried out, probably focusing on covering a 
bigger area to detect the maximum movements of the frogs released. However, the 
cumulative information obtained by the demographic monitoring implemented in Pukeokahu 
does allow us to infer, at least, the movement of frogs within the monitoring search area, 
although this might be smaller than the total movement. Preliminary results of this trial were 
analysed using linear models in the software R (R Core Team 2014). The response variable 
used was distance travelled by the translocated frog, and the predictor variables were sex of 






  G H I J K L M N O P Q R S T U V W X 
33             U U                     
32                                     
31           F           U M           
30                         U   M       
29                           M   U     
28           F     M         M   F     
27                           F M F U   
26                         M M         
25 M     U     F                       
24   M           M       U             
23                             M       
22 M M           M     F       U   M   
21 F                     F             
20 M   F                               
19   U     U M           F             
18 F     U F       M                   
17             M F         M   M       
16 M       M                           
15         M U M   F                   
14   U   M   F U   M     F             
Figure B8. Allocation of frogs in 2016 release grid following a balance sex distribution. M: 
male. F: female. U: unknown sex. Blue squares: low fern cover. Yellow squares: medium 
fern cover. Green squares: high fern cover. Letters G to X: 1 m column lanes. Numbers 14 to 
33 in bold: 1 m wide row lanes. Total area 2016 release grid = 360 m2. 
 
Two monitoring sessions with individual identification have been carried out in 
Pukeokahu after release (November 2016 and March 2017, see Chapter 3). Twenty-three of 
the 60 frogs released were re-captured during these two monitoring sessions (12 adult males, 
seven juveniles, and four adult females). Twelve of the recaptured frogs were released in a 
site with medium fern cover, seven in a site with low fern cover, and four in a site with high 
fern cover. Mean size (measured as SVL) of the frogs recaptured was 28.83 mm (SD = 3.46 
mm, range: 20-34 mm). The minimum distance travelled was 3.16 m (by a female of SVL 31 
mm released on a medium fern cover). The maximum distance travelled was 27.17 m (by a 
frog of undetermined sex, of SVL 26 mm and released in a medium fern coverage). Mean 
distance travelled by all frogs was 15.51 m (SD = 5.5 m). The sexes of the recaptured frogs 
and the minimum distances that the frogs travelled are shown in Figure B10 and Figure B11, 
respectively. No evidence of differences among distance travelled between different sexes of 
the frogs (F2,20 = 0.4, p = 0.676), nor among distance travelled and level of fern cover (F1,21 = 







  G H I J K L M N O P Q R S T U V W X 
33             73 45                     
32                                     
31           9           72 65           
30                         69   43       
29                           13   17     
28           55     35         14   30     
27                           11 26 46 56   
26                         10 29         
25 25     77     27                       
24   49           21       68             
23                             57       
22 16 31           15     18       70   12   
21 52                     40             
20 60   37                               
19   78     79 53           42             
18 23     24 33       8                   
17             75 54         4   34       
16 76       20                           
15         5 74 1   19                   
14   66   44   36 22   64     61             
Figure B9. Individual ID of frogs released in Pukeokahu in 2016. Source for ID number: 
OIA-24 (see Chapter 2). Blue squares: low fern cover. Yellow squares: medium fern cover. 
Green squares: high fern cover. Letters G to X: 1 m column lanes. Numbers 14 to 33 in bold: 





Figure B10. Histogram of minimum distance travelled by 23 frogs recaptured after release in 
October 2016.  
 
Figure B11. Boxplot of the minimum distance travelled by frogs released in October 2016, in 


















Distance	 trav lled	 by	frogs	 (m)
Discussion  
 
The probability of establishment is affected by the sex and age composition of the 
release group because the demographic structure of these donor individuals influences 
translocation outcomes (IUCN/SSC 2013). Pukeokahu is the only translocation carried out 
with L. archeyi, and the evidence observed in this translocation nine years after release 
showed a bias towards female size frogs in the population (Figure B1). The fact is that the 
size of the frogs released at Pukeokahu in 2006 (SVL mean = 29.4 mm) was very similar to 
the size of the frogs released in 2016 (SVL mean = 29.3 mm) (see Chapter 2). However, the 
frogs of the 2016 cohort were sexed using a standard laboratory technique instead of size 
(after Germano et al. 2012), therefore, this last release is extremely useful in determining 
differences in post-release survival between adults and juveniles, and between males and 
females. Furthermore, if there is a female bias in the translocated population of frogs at 
Pukeokahu, the reproductive behaviour of this species would be compromised because 
Leiopelma archeyi exhibits male parental-care (Stephenson and Stephenson 1957).   
Selecting the optimal weather conditions for the release was another component 
affected by the coordination of the people involved in the translocation. As a threatened 
species was involved, it was expected to attract media attention for conservation awareness 
purposes. But more importantly, this species is taonga (treasure) to whānau/hapū/iwi (family 
group/subtribe/tribe) (Bishop et al. 2013). Therefore, even when the animal welfare must be 
prioritised over speeches, photographs or filming (Parker et al. 2012), the design of the 
translocation needed to include time periods for karakia (prayer) and whānau/hapū/iwi 
involvement (see Chapter 6 and 7). Therefore, in the decision of when to translocate, there 
are some frog-welfare aspects to consider (e.g. translocate animals during the non-breeding 
period [Germano and Bishop 2007] and release them at night [Chapter 2 and 3]), but also 
there are social aspects to consider, such as coordinating the people involved. The 
recommendations for only releasing frogs during optimal weather conditions were 
impractical due to the logistics of coordinating the release i.e. getting people in Auckland 
Zoo to pack up the frogs, organizing the iwi and other people involved from all over the 
country to come to the release site, coordinate the food to be shared, and other important 
details.  
Several authors have described translocation as a management learning process, 
because in most cases there is no precedent for particular translocations. This is the reason 
why approaches such as adaptive management are recommended (e.g. Armstrong and 
Reynolds 2012; Nichols and Armstrong 2012; McCarthy et al. 2012). It is particularly 
interesting that several frogs seem to be established in an area outside of the 2006 fence, far 
from the release point (Figure B2). Different results have been reported about the post-release 
dispersal of other Leiopelma species translocated. For example, of the L. hamiltoni frogs 
translocated within two sites in Stephens Island, at least two (of 12) frogs travelled back 70 m 
to their collection site (Tocher and Brown 2004). But L. hamiltoni frogs translocated within 
Maud Island stayed close to their release site, and the maximum distance travelled detected 
was 26 m (Bell and Pledger 2010). Germano (2006) reported 15 m as the maximum distance 
detected in the post-release dispersal of L. hamiltoni translocated to Long Island. For the 
frogs at Pukeokahu, 22 m was the maximum movement recorded from the frogs released in 
2006.  
 




























































#descriptive stats for each session
summary(nsopm5)
#prepare data for openCR
m.array(nsopm5,never.recap=T)
#add covariate to session and occasion



























































































#model npar rank logLik  AIC AICc   dAIC  AICwt
#nsopm5_p_t                           p~t phi~1   17   17 -858.6 1751 1754  
0.000 0.3542
#nsopm5_phi_t_p_t                     p~t phi~t   32   32 -844.1 1752 1762  
1.090 0.2054
#nsopm5_phi_t_p_t_SVL           p~t + svl phi~t   33   21 -843.5 1753 1764  
1.888 0.1378
#nsopm5_phi_svl_p_t                 p~t phi~svl   18   17 -858.9 1754 1757  
2.662 0.0936
#nsopm5_p_t_SVL                 p~t + svl phi~1   18   17 -859.1 1754 1757  
3.035 0.0777
#nsopm5_phi_t_svl_p_t_SVL p~t + svl phi~t + svl   34   22 -843.2 1754 1766  
3.319 0.0674
#nsopm5_phi_svl_p_t_SVL       p~t + svl phi~svl   19   18 -858.4 1755 1758  
3.602 0.0585
#nsopm5_phi_t_svl_p_t           p~t phi~t + svl   33   26 -846.7 1759 1770  
8.327 0.0055
#nsopm5_phi_svl_p_tSVL        p~t * svl phi~svl   34   24 -851.1 1770 1782 
19.089 0.0000
#nsopm5_p_tSVL                  p~t * svl phi~1   33   25 -855.2 1776 1787 
25.364 0.0000
#nsopm5_phi_t_p_SVL                 p~svl phi~t   18    9 -871.2 1778 1781 
27.193 0.0000
#nsopm5_phi_t_svl_p_SVL       p~svl phi~t + svl   19    9 -871.0 1780 1783 
28.928 0.0000
#nsopm5_p_SVL                       p~svl phi~1    3    3 -888.0 1782 1782 
30.935 0.0000
#nsopm5_phi_svl_p_SVL             p~svl phi~svl    4    4 -887.8 1784 1784 
32.400 0.0000
#nsopm5_phi_t_svl_p_tSVL  p~t * svl phi~t + svl   49   27 -843.0 1784 1809 
32.823 0.0000
#nsopm5_null                          p~1 phi~1    2    2 -893.5 1791 1791 
39.884 0.0000
#nsopm5_phi_t                         p~1 phi~t   17   15 -879.2 1792 1795 
41.271 0.0000
#nsopm5_phi_SVL                     p~1 phi~svl    3    3 -893.4 1793 1793 
41.760 0.0000
#nsopm5_phi_t_SVL               p~1 phi~t + svl   18   12 -879.5 1795 1798 
43.840 0.0000
#nsopm5_phi_t_p_tSVL            p~t * svl phi~t   48   27 -850.5 1797 1821 
45.920 0.0000
#nsopm5_phi_tsvl_p_t            p~t phi~t * svl   48   29 -850.8 1798 1822 
46.406 0.0000
#nsopm5_phi_tsvl_p_t_SVL  p~t + svl phi~t * svl   49   24 -852.3 1803 1828 
51.573 0.0000
#nsopm5_phi_tsvl_p_tSVL   p~t * svl phi~t * svl   64   36 -839.9 1808 1855 
56.770 0.0000
#nsopm5_phi_tSVL                p~1 phi~t * svl   33   16 -877.4 1821 1832 
69.651 0.0000





#session estimate SE.estimate     lcl    ucl
#A_2007       1       NA          NA      NA     NA
#B_2008       2  0.48088     0.13445 0.24376 0.7269
#C_2008       3  0.20593     0.06294 0.10870 0.3554
#D_2009       4  0.45577     0.08507 0.29951 0.6212
#E_2010       5  0.22922     0.05058 0.14508 0.3426
#F_2010       6  0.19177     0.05143 0.11018 0.3126
#G_2011       7  0.13133     0.03416 0.07755 0.2138
#H_2011       8  0.22550     0.04579 0.14833 0.3274
#I_2012       9  0.07796     0.02566 0.04031 0.1454
#J_2012      10  0.04639     0.02293 0.01731 0.1184
#K_2012      11  0.16759     0.03110 0.11509 0.2376
#L_2013      12  0.25685     0.04341 0.18122 0.3505
#M_2014      13  0.09816     0.04708 0.03696 0.2359
#N_2014      14  0.13708     0.03038 0.08761 0.2081
#O_2015      15  0.09331     0.02201 0.05821 0.1463
#P_2016      16  0.07429     0.02078 0.04250 0.1267
#Q_2017      17  0.13874     0.02133 0.10197 0.1860
#$phi
#session estimate SE.estimate    lcl    ucl
#A_2007       1   0.7217      0.0303 0.6587 0.7771
#B_2008       2   0.7217      0.0303 0.6587 0.7771
#C_2008       3   0.7217      0.0303 0.6587 0.7771
#D_2009       4   0.7217      0.0303 0.6587 0.7771
#E_2010       5   0.7217      0.0303 0.6587 0.7771
#F_2010       6   0.7217      0.0303 0.6587 0.7771
#G_2011       7   0.7217      0.0303 0.6587 0.7771
#H_2011       8   0.7217      0.0303 0.6587 0.7771
#I_2012       9   0.7217      0.0303 0.6587 0.7771
#J_2012      10   0.7217      0.0303 0.6587 0.7771
#K_2012      11   0.7217      0.0303 0.6587 0.7771
#L_2013      12   0.7217      0.0303 0.6587 0.7771
#M_2014      13   0.7217      0.0303 0.6587 0.7771
#N_2014      14   0.7217      0.0303 0.6587 0.7771
#O_2015      15   0.7217      0.0303 0.6587 0.7771
#P_2016      16   0.7217      0.0303 0.6587 0.7771
#Q_2017      17       NA          NA     NA     NA
#GOF R2ucare (see Gimenez et al 2018 for interpretation)
ucare.cjs(nsopm5,tests="all",by=NULL, verbose=FALSE)
# $components
#          stat df p_val sign_test
#test3sr 12.920 14 0.533     2.275
#test3sm  9.683 14 0.785        NA
#test2ct  8.321 14 0.872    -0.860
#test2cl 10.288 11 0.505        NA
# $overall_CJS
#                         chi2 degree_of_freedom p_value
#Gof test for CJS model: 41.21                53    0.88
# Warning messages:
#  1: In ucare.cjs(nsopm5, tests = "all", by = NULL, verbose = FALSE) :
#  multisession capthist collapsed with 'join'
#  2: In ucare.cjs(nsopm5, tests = "all", by = NULL, verbose = FALSE) :
#  secondary sessions collapsed for R2ucare
#classic Jolly Seber using sufficient statistics
JS.direct(nsopm5)
#    n  R  m  r  z      p     sep      N     seN    phi   sephi    covphi       
B     seB
#1   8  8  0  7  0     NA      NA     NA      NA 0.9000 0.12598 -0.014704      
NA      NA
#2  11 11  6  9  1 0.8333 0.15131  12.34   1.311 0.9180 0.15632 -0.025661   
8.269   3.201
#3  13 13  7  9  3 0.6250 0.16744  19.60   3.836 0.7267 0.13603 -0.009326   
8.483   2.854
#4  19 19 10 15  2 0.8000 0.12538  22.73   2.420 0.8980 0.12932 -0.018204   
8.552   3.845
#5  17 17 11 12  6 0.5697 0.13020  28.96   4.650 0.8891 0.18237 -0.034382   
8.002   6.132
#6  14 14  9  9  9 0.4000 0.12282  33.75   7.551 0.8860 0.22066 -0.041394  
18.826  11.550
#7  17 17  8 10 10 0.3284 0.11378  48.73  13.557 0.6788 0.14452 -0.011799   
3.726   6.540
#8  25 25 15 16  5 0.6623 0.12026  36.80   5.022 0.8025 0.16267 -0.029841  
11.222   8.316
#9  13 13  8  9 13 0.3053 0.10307  40.76   9.826 0.8700 0.22264 -0.052084  
13.401  17.544
#10  8  8  4  6 18 0.1474 0.07404  48.86  17.811 0.8694 0.18184 -0.014713  
14.861   9.493
#11 35 35 16 25  8 0.5909 0.10782  57.34   8.195 0.9698 0.15465 -0.015391   
8.507   7.953
#12 32 32 22 15 11 0.4923 0.10359  64.12  10.845 0.4754 0.08878  0.000000   
0.717   8.533
#13  5  5  4  5 22 0.1538 0.07076  31.20   5.836 1.6823 0.27194 -0.082002  
83.777  27.398
#14 53 53 17 18 10 0.3743 0.10355 136.26  34.512 0.5060 0.12080 -0.032541   
6.583  16.227
#15 32 32 17 14 11 0.4126 0.10562  75.53  16.375 1.1266 0.32407        NA 
280.186 113.111
#16 74 74 12 18 13 0.1895 0.06909 365.28 127.214     NA      NA        NA      
NA      NA
#17 68 68 31  0  0     NA      NA     NA      NA     NA      NA        NA      

































#openCR.fit( capthist = nsopm5, type = JSSAfCL, model = list(p ~ t, phi ~ t, f 
~ t), timecov = humidity, sessioncov =
#              par_care )
#openCR 1.2.0, 18:25:18 16 Oct 2018
#elapsed time 0.338 minutes
#N animals       :  247  
#N detections    :  585 
#N sessions      :  17 (secondary 62)
#Intervals       :  0.5 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 0.5 1 1 1 
#Analysis type   :  JSSAfCL 
#Model           :  p~t phi~t f~t 
#Fixed (real)    :  none 
#N parameters    :  49 
#Log likelihood  :  -1932 
#AIC             :  3961 
#AICc            :  3986 
#Parameter Link 
#p         logit 
#phi       logit 
#f         log 
#Beta parameters (coefficients) 
#beta SE.beta      lcl      ucl
#p       -0.89398  0.3873  -1.6531 -0.13490
#p.t2     0.99220  0.5523  -0.0903  2.07469
#p.t3    -0.41445  0.5224  -1.4384  0.60953
#p.t4     0.81701  0.4778  -0.1195  1.75354
#p.t5    -0.23894  0.4695  -1.1590  0.68117
#p.t6    -0.39462  0.5043  -1.3831  0.59386
#p.t7    -1.16131  0.4886  -2.1189 -0.20374
#p.t8    -0.20944  0.4539  -1.0991  0.68025
#p.t9    -1.32770  0.5235  -2.3537 -0.30171
#p.t10   -2.12040  0.6469  -3.3883 -0.85254
#p.t11   -0.90424  0.4346  -1.7560 -0.05252
#p.t12   -0.51359  0.4509  -1.3974  0.37019
#p.t13   -1.41054  0.6947  -2.7722 -0.04886
#p.t14   -1.14594  0.4532  -2.0341 -0.25778
#p.t15   -1.42983  0.4991  -2.4081 -0.45153
#p.t16   -1.66653  0.4363  -2.5218 -0.81130
#p.t17   -0.09086  0.4269  -0.9276  0.74590
#phi      1.37309  1.4237  -1.4172  4.16340
#phi.t2   0.60663  3.4192  -6.0948  7.30806
#phi.t3  -0.45968  1.5572  -3.5118  2.59241
#phi.t4  -0.20249  1.7667  -3.6651  3.26009
#phi.t5  -0.34716  1.8848  -4.0414  3.34706
#phi.t6  -0.21099  2.1814  -4.4865  4.06451
#phi.t7  -1.42497  1.5888  -4.5390  1.68907
#phi.t8  -0.77726  1.7603  -4.2273  2.67279
#phi.t9   0.11722  3.1353  -6.0278  6.26229
#phi.t10 -0.40329  2.1374  -4.5924  3.78584
#phi.t11  2.26579  4.4901  -6.5347 11.06629
#phi.t12 -1.17759  1.6795  -4.4693  2.11418
#phi.t13  1.84899  3.6347  -5.2750  8.97293
#phi.t14 -0.87366  1.5509  -3.9134  2.16609
#phi.t15  1.10700  3.9675  -6.6692  8.88317
#phi.t16 -2.08354  1.4573  -4.9398  0.77272
#f       -0.90801  0.3886  -1.6696 -0.14646
#f.t2     1.44229  0.9033  -0.3282  3.21278
#f.t3    -0.06154  0.7433  -1.5184  1.39536
#f.t4     0.50796  0.7800  -1.0208  2.03673
#f.t5     0.24167  0.9407  -1.6021  2.08544
#f.t6     1.03739  0.8835  -0.6942  2.76899
#f.t7    -0.38343  1.1052  -2.5496  1.78273
#f.t8     0.35165  0.9862  -1.5812  2.28450
#f.t9     1.00706  1.4334  -1.8024  3.81649
#f.t10   -0.14590  2.0201  -4.1053  3.81349
#f.t11   -0.96618  1.0389  -3.0024  1.07008
#f.t12   -1.41767  2.9870  -7.2722  4.43683
#f.t13    2.60750  0.8990   0.8455  4.36945
#f.t14   -1.56637  1.9003  -5.2909  2.15816
#f.t15    1.63979  0.5694   0.5237  2.75585
#f.t16   -5.25278  4.8354 -14.7299  4.22434
#Eigenvalues :  1 0.5365 0.1992 0.1191 0.0819 0.07565 0.07282 0.05464 0.04691 
0.04079 0.03677 0.03322 0.02922 0.02846 0.02677 0.02445 0.01713 0.01624 
0.01269 0.01163 0.0099 0.00926 0.00753 0.00709 0.00577 0.0048 0.00439 0.00318 
0.00303 0.00282 0.00251 0.00236 0.00211 0.00171 0.00127 0.00119 0.00079 
0.00058 0.00054 0.00043 3e-04 0.00022 2e-04 0.00019 0.00016 0.00012 8e-05 
5e-05 0 
#Numerical rank of Hessian : 48  ( svtol = 1e-05 )
#Warning: at least one real parameter is not identifiable
#Variance-covariance matrix of beta parameters 
#p      p.t2      p.t3       p.t4       p.t5       p.t6       p.t7       p.t8   
p.t9     p.t10
#p        0.1499952 -0.124877 -0.149361 -0.1495678 -1.496e-01 -0.1499107 
-0.1488378 -1.499e-01 -0.1499468 -0.145418
#p.t2    -0.1248774  0.305039  0.123175  0.1243935  1.245e-01  0.1247769  
0.1235642  1.247e-01  0.1248260  0.119687
#p.t3    -0.1493614  0.123175  0.272953  0.1489918  1.490e-01  0.1492788  
0.1482044  1.492e-01  0.1493146  0.144763
#p.t4    -0.1495678  0.124393  0.148992  0.2283228  1.491e-01  0.1494829  
0.1484108  1.494e-01  0.1495196  0.144988
#p.t5    -0.1496383  0.124475  0.149001  0.1491337  2.204e-01  0.1494806  
0.1484821  1.495e-01  0.1495892  0.145065
#p.t6    -0.1499107  0.124777  0.149279  0.1494829  1.495e-01  0.2543548  
0.1481457  1.498e-01  0.1498638  0.145331
#p.t7    -0.1488378  0.123564  0.148204  0.1484108  1.485e-01  0.1481457  
0.2386965  1.492e-01  0.1487898  0.144260
#p.t8    -0.1498713  0.124735  0.149237  0.1494441  1.495e-01  0.1497805  
0.1491635  2.061e-01  0.1498309  0.145298
#p.t9    -0.1499468  0.124826  0.149315  0.1495196  1.496e-01  0.1498638  
0.1487898  1.498e-01  0.2740282  0.144533
#p.t10   -0.1454181  0.119687  0.144763  0.1449881  1.451e-01  0.1453311  
0.1442599  1.453e-01  0.1445325  0.418450
#p.t11   -0.1495952  0.124423  0.148961  0.1491680  1.492e-01  0.1495106  
0.1484379  1.495e-01  0.1495531  0.145693
#p.t12   -0.1486256  0.123319  0.147992  0.1481979  1.483e-01  0.1485404  
0.1474680  1.485e-01  0.1485783  0.143863
#p.t13   -0.1562353  0.131968  0.155618  0.1558092  1.559e-01  0.1561501  
0.1550854  1.561e-01  0.1561886  0.151692
#p.t14   -0.1473151  0.121826  0.146681  0.1468867  1.470e-01  0.1472289  
0.1461567  1.472e-01  0.1472648  0.142729
#p.t15   -0.1519853  0.127158  0.151347  0.1515598  1.516e-01  0.1519002  
0.1508310  1.519e-01  0.1519376  0.147428
#p.t16   -0.1478636  0.122456  0.147229  0.1474349  1.475e-01  0.1477820  
0.1467041  1.477e-01  0.1478140  0.143275
#p.t17   -0.1500669  0.124960  0.149432  0.1496397  1.497e-01  0.1499825  
0.1489091  1.499e-01  0.1500186  0.145490
#phi      0.0174492 -0.110004 -0.010423 -0.0176237 -1.771e-02 -0.0173314 
-0.0180749 -1.748e-02 -0.0174917 -0.019762
#phi.t2  -0.0249894  0.220321 -0.359838  0.0257309  2.537e-02  0.0247888  
0.0257047  2.501e-02  0.0250136  0.028141
#phi.t3  -0.0198193  0.110052  0.065381  0.0071474  2.013e-02  0.0197115  
0.0204146  1.985e-02  0.0198759  0.022055
#p.t11     p.t12     p.t13     p.t14     p.t15     p.t16      p.t17      phi   
phi.t2    phi.t3   phi.t4
#p       -1.496e-01 -0.148626 -0.156235 -0.147315 -0.151985 -0.147864 
-0.1500669  0.01745 -0.02499 -0.019819 -0.02021
#p.t2     1.244e-01  0.123319  0.131968  0.121826  0.127158  0.122456  
0.1249599 -0.11000  0.22032  0.110052  0.11311
#p.t3     1.490e-01  0.147992  0.155618  0.146681  0.151347  0.147229  
0.1494324 -0.01042 -0.35984  0.065381  0.01300
#p.t4     1.492e-01  0.148198  0.155809  0.146887  0.151560  0.147435  
0.1496397 -0.01762  0.02573  0.007147  0.03841
#p.t5     1.492e-01  0.148268  0.155880  0.146958  0.151630  0.147505  
0.1497100 -0.01771  0.02537  0.020126 -0.05151
#p.t6     1.495e-01  0.148540  0.156150  0.147229  0.151900  0.147782  
0.1499825 -0.01733  0.02479  0.019712  0.02054
#p.t7     1.484e-01  0.147468  0.155085  0.146157  0.150831  0.146704  
0.1489091 -0.01807  0.02570  0.020415  0.02078
#p.t8     1.495e-01  0.148502  0.156111  0.147191  0.151862  0.147739  
0.1499432 -0.01748  0.02501  0.019849  0.02024
#p.t9     1.496e-01  0.148578  0.156189  0.147265  0.151938  0.147814  
0.1500186 -0.01749  0.02501  0.019876  0.02027
#p.t10    1.457e-01  0.143863  0.151692  0.142729  0.147428  0.143275  
0.1454896 -0.01976  0.02814  0.022055  0.02243
#p.t11    1.888e-01  0.150103  0.155985  0.146921  0.151585  0.147464  
0.1496670 -0.01761  0.02518  0.019980  0.02037
#p.t12    1.501e-01  0.203327  0.157441  0.146015  0.150610  0.146499  
0.1486974 -0.01800  0.02562  0.020376  0.02077
#p.t13    1.560e-01  0.157441  0.482669  0.174227  0.157741  0.154094  
0.1563078 -0.01497  0.02188  0.017375  0.01774
#p.t14    1.469e-01  0.146015  0.174227  0.205347  0.146997  0.145140  
0.1473869 -0.01837  0.02601  0.020753  0.02114
#p.t15    1.516e-01  0.150610  0.157741  0.146997  0.249143  0.146999  
0.1520586 -0.01713  0.02482  0.019481  0.01988
#p.t16    1.475e-01  0.146499  0.154094  0.145140  0.146999  0.190401  
0.1479192 -0.01835  0.02600  0.020720  0.02112
#p.t17    1.497e-01  0.148697  0.156308  0.147387  0.152059  0.147919  
0.1822677 -0.01749  0.02506  0.019858  0.02025
#phi     -1.761e-02 -0.018004 -0.014975 -0.018368 -0.017135 -0.018346 
-0.0174892  2.02680 -2.68979 -2.008632 -2.02487
#phi.t2   2.518e-02  0.025618  0.021883  0.026008  0.024825  0.025997  
0.0250577 -2.68979 11.69067  1.797763  2.68933
#phi.t3   1.998e-02  0.020376  0.017375  0.020753  0.019481  0.020720  
0.0198576 -2.00863  1.79776  2.424918  1.95844
#phi.t5   phi.t6   phi.t7   phi.t8   phi.t9   phi.t10  phi.t11    phi.t12  
phi.t13  phi.t14  phi.t15   phi.t16
#p       -0.01979 -0.02120 -0.01890 -0.01867 -0.02442 -0.016400 -0.04762 
-0.0170509 -0.02868 -0.01862 -0.03211 -0.017503
#p.t2     0.11268  0.11422  0.11166  0.11137  0.11796  0.108781  0.14431  
0.1095505  0.12266  0.11130  0.12684  0.110059
#p.t3     0.01275  0.01416  0.01188  0.01163  0.01752  0.009321  0.04054  
0.0100203  0.02174  0.01161  0.02499  0.010482
#p.t4     0.01991  0.02137  0.01908  0.01884  0.02462  0.016564  0.04781  
0.0172257  0.02886  0.01879  0.03232  0.017676
#p.t5     0.06916  0.02112  0.01916  0.01893  0.02466  0.016668  0.04790  
0.0173074  0.02897  0.01888  0.03241  0.017760
#p.t6    -0.11498  0.14687  0.01697  0.01852  0.02435  0.016262  0.04754  
0.0169350  0.02852  0.01851  0.03192  0.017389
#p.t7     0.02440 -0.15688  0.07859  0.01966  0.02503  0.017042  0.04823  
0.0176762  0.02936  0.01924  0.03281  0.018127
#p.t8     0.01986  0.01947 -0.01246  0.05030  0.02394  0.016451  0.04766  
0.0170768  0.02871  0.01865  0.03215  0.017529
#p.t9     0.01984  0.02127  0.01913 -0.11165  0.24386  0.011657  0.04787  
0.0171024  0.02871  0.01866  0.03216  0.017545
#p.t10    0.02207  0.02343  0.02108  0.02488 -0.46536  0.312409  0.03768  
0.0186114  0.03114  0.02090  0.03480  0.019802
#p.t11    0.01995  0.02135  0.01906  0.01878  0.02990 -0.026993  0.12903  
0.0215245  0.02891  0.01880  0.03226  0.017669
#p.t12    0.02035  0.02175  0.01945  0.01921  0.02678  0.003107 -0.38955  
0.0616392  0.02993  0.01931  0.03251  0.018064
#p.t13    0.01733  0.01868  0.01647  0.01622  0.02200  0.013545  0.03191 
-0.1170734  0.23865  0.05083  0.03031  0.015010
#p.t14    0.02072  0.02210  0.01983  0.01960  0.02532  0.017277  0.04633 
-0.0650033  0.02822  0.04250  0.03931  0.018367
#p.t15    0.01947  0.02088  0.01858  0.01835  0.02408  0.016096  0.04749  
0.0186750  0.02844 -0.08323  0.47213  0.013258
#p.t16    0.02068  0.02210  0.01980  0.01957  0.02531  0.017304  0.04838  
0.0179765  0.02954  0.02744 -0.39552  0.060871
#p.t17    0.01983  0.02124  0.01894  0.01871  0.02447  0.016437  0.04766  
0.0170903  0.02873  0.01866  0.03238 -0.002857
#phi     -2.02652 -2.02357 -2.02643 -2.02618 -2.02394 -2.026761 -2.01407 
-2.0269612 -2.02020 -2.02546 -2.02456 -2.026585
#phi.t2   2.68972  2.68585  2.68930  2.68928  2.68384  2.690840  2.67602  
2.6900839  2.68017  2.68774  2.69063  2.689378
#phi.t3   2.00849  2.00524  2.00828  2.00794  2.00598  2.008496  1.99575  
2.0087764  2.00217  2.00733  2.00611  2.008430
#f     f.t2      f.t3      f.t4      f.t5       f.t6      f.t7      f.t8      
f.t9     f.t10      f.t11
#p        0.0005412  0.04116  0.002521  0.002717  0.003705 -1.723e-03  
0.006283  0.001521 -0.013153  0.022726  0.0001671
#p.t2    -0.0112885  0.04750  0.007422  0.007902  0.006714  1.282e-02  
0.003649  0.009013  0.025655 -0.015022  0.0105406
#p.t3     0.0026810 -0.15056  0.088234 -0.005957 -0.007094 -1.621e-03 
-0.009578 -0.004801  0.009945 -0.026070 -0.0034117
#p.t4     0.0014346 -0.04339 -0.028407  0.036635 -0.005977 -2.814e-04 
-0.008274 -0.003512  0.011173 -0.024717 -0.0021460
#p.t5     0.0011083 -0.04287 -0.004091 -0.055874  0.056706 -2.534e-05 
-0.007908 -0.003150  0.011509 -0.024353 -0.0018145
#p.t6    -0.0001704 -0.04157 -0.002891 -0.002970 -0.108559  8.947e-02 
-0.007963 -0.001901  0.012792 -0.023090 -0.0005367
#p.t7     0.0047496 -0.04669 -0.007818 -0.008017 -0.008201 -1.075e-01  
0.150393 -0.005524  0.007867 -0.028040 -0.0054582
#p.t8     0.0000379 -0.04177 -0.003101 -0.003296 -0.004274  7.813e-05 
-0.061202  0.050345  0.012679 -0.023276 -0.0007364
#p.t9    -0.0003292 -0.04138 -0.002725 -0.002920 -0.003918  1.517e-03 
-0.006652 -0.160372  0.158465 -0.025195 -0.0004058
#p.t10    0.0203250 -0.06290 -0.023418 -0.023613 -0.024580 -1.916e-02 
-0.027232 -0.020827 -0.427589  0.642613 -0.0136029
#p.t11    0.0012774 -0.04306 -0.004341 -0.004536 -0.005526 -9.708e-05 
-0.008108 -0.003354  0.008390 -0.081857  0.0767205
#p.t12    0.0056811 -0.04767 -0.008741 -0.008940 -0.009924 -4.501e-03 
-0.012509 -0.007747  0.007305 -0.032033 -0.0655004
#p.t13   -0.0287836 -0.01166  0.025743  0.025532  0.024550  2.996e-02  
0.022017  0.026743  0.041300  0.005202  0.0159958
#p.t14    0.0115936 -0.05386 -0.014659 -0.014858 -0.015843 -1.041e-02 
-0.018424 -0.013654  0.001047 -0.034916 -0.0123132
#p.t15   -0.0094805 -0.03177  0.006426  0.006233  0.005249  1.066e-02  
0.002672  0.007420  0.022030 -0.013672  0.0087776
#p.t16    0.0091077 -0.05124 -0.012171 -0.012364 -0.013365 -7.913e-03 
-0.015944 -0.011167  0.003542 -0.032456 -0.0098220
#p.t17   -0.0008381 -0.04085 -0.002223 -0.002419 -0.003407  2.021e-03 
-0.005988 -0.001224  0.013450 -0.022430  0.0001301
#phi      0.1389444 -0.36920 -0.188028 -0.181530 -0.170917 -1.627e-01 
-0.156402 -0.151207 -0.141295 -0.156776 -0.1436681
#phi.t2  -0.2371469  1.13510 -0.142083  0.249823  0.248127  2.427e-01  
0.244707  0.240660  0.230585  0.255272  0.2391386
#phi.t3  -0.1479830  0.30551  0.224526  0.124843  0.144325  1.422e-01  
0.148174  0.146024  0.139804  0.159042  0.1478969
#f.t12      f.t13    f.t14      f.t15   f.t16
#p        0.09708 -0.0201846  0.03869 -0.0055109  0.3426
#p.t2    -0.09971  0.0336696 -0.03338  0.0169653 -0.3777
#p.t3    -0.10050  0.0169746 -0.04192  0.0022816 -0.3465
#p.t4    -0.09908  0.0182082 -0.04068  0.0035368 -0.3446
#p.t5    -0.09874  0.0185468 -0.04034  0.0038660 -0.3443
#p.t6    -0.09745  0.0198190 -0.03908  0.0051388 -0.3429
#p.t7    -0.10244  0.0149058 -0.04399  0.0002238 -0.3479
#p.t8    -0.09765  0.0196201 -0.03927  0.0049364 -0.3432
#p.t9    -0.09738  0.0199512 -0.03893  0.0052934 -0.3429
#p.t10   -0.11829 -0.0005020 -0.05967 -0.0153038 -0.3636
#p.t11   -0.09169  0.0186595 -0.04050  0.0036892 -0.3445
#p.t12    0.01021  0.0192955 -0.04474 -0.0007240 -0.3489
#p.t13   -0.81137  0.1999559  0.05000  0.0331027 -0.3138
#p.t14   -0.14665 -0.0362587  0.21831 -0.0098209 -0.3553
#p.t15   -0.08729  0.0328884 -0.24439  0.0859282 -0.3386
#p.t16   -0.10663  0.0106073 -0.04893 -0.0354405 -0.1986
#p.t17   -0.09678  0.0204823 -0.03839  0.0058238 -0.3560
#phi     -0.17886 -0.1364256 -0.15297 -0.1385563 -0.3048
#phi.t2   0.28189  0.2298648  0.25169  0.2359363  0.4419
#phi.t3   0.18333  0.1399922  0.16074  0.1462688  0.3129
#[ reached getOption("max.print") -- omitted 29 rows ]
#Fitted (real) parameters evaluated at base levels of covariates 
#p 
#session estimate SE.estimate     lcl    ucl
#1  0.29029     0.07979 0.16070 0.4663
#2  0.52453     0.11300 0.31221 0.7283
#3  0.21275     0.05903 0.11928 0.3503
#4  0.48077     0.07024 0.34785 0.6165
#5  0.24362     0.04914 0.16036 0.3520
#6  0.21609     0.05477 0.12761 0.3419
#7  0.11352     0.03036 0.06620 0.1879
#8  0.24910     0.04439 0.17243 0.3456
#9  0.09782     0.03109 0.05155 0.1778
#10  0.04678     0.02350 0.01717 0.1211
#11  0.14207     0.02427 0.10079 0.1966
#12  0.19662     0.03740 0.13335 0.2802
#13  0.09075     0.04669 0.03187 0.2323
#14  0.11508     0.02509 0.07427 0.1741
#15  0.08917     0.02506 0.05077 0.1520
#16  0.07172     0.01407 0.04858 0.1047
#17  0.27193     0.03549 0.20814 0.3467
#phi 
#session estimate SE.estimate      lcl    ucl
#1   0.7979     0.22959 0.195096 0.9847
#2   0.8787     0.30788 0.024608 0.9995
#3   0.7137     0.13468 0.406498 0.9007
#4   0.7633     0.18936 0.292499 0.9617
#5   0.7361     0.23998 0.198522 0.9692
#6   0.7617     0.30035 0.110940 0.9879
#7   0.4870     0.17635 0.192258 0.7911
#8   0.6447     0.23727 0.192416 0.9325
#9   0.8161     0.41935 0.018222 0.9991
#10   0.7251     0.31779 0.103881 0.9836
#11   0.9744     0.10634 0.008894 1.0000
#12   0.5487     0.22060 0.175012 0.8745
#13   0.9617     0.12339 0.034339 0.9999
#14   0.6223     0.14512 0.329438 0.8468
#15   0.9227     0.26407 0.008331 0.9999
#16   0.3295     0.06894 0.210481 0.4753
#17       NA          NA       NA     NA
#f 
#session estimate SE.estimate       lcl     ucl
#1 0.403328     0.15671 1.883e-01  0.8638
#2 1.706234     1.36391 3.561e-01  8.1745
#3 0.379255     0.24265 1.082e-01  1.3290
#4 0.670289     0.46067 1.743e-01  2.5779
#5 0.513589     0.44834 9.280e-02  2.8424
#6 1.138130     0.88894 2.462e-01  5.2605
#7 0.274875     0.29188 3.430e-02  2.2029
#8 0.573291     0.52421 9.551e-02  3.4411
#9 1.104123     1.47535 8.047e-02 15.1500
#10 0.348573     0.70925 6.461e-03 18.8047
#11 0.153480     0.14827 2.311e-02  1.0195
#12 0.097717     0.30361 2.214e-04 43.1233
#13 5.471151     3.78170 1.412e+00 21.2049
#14 0.084216     0.16448 1.832e-03  3.8712
#15 2.078779     0.74377 1.031e+00  4.1914
#16 0.002111     0.01083 9.014e-08 49.4188
#17       NA          NA        NA      NA
#$p
#session estimate SE.estimate     lcl    ucl
#A_2007       1  0.29029     0.07979 0.16070 0.4663
#B_2008       2  0.52453     0.11300 0.31221 0.7283
#C_2008       3  0.21275     0.05903 0.11928 0.3503
#D_2009       4  0.48077     0.07024 0.34785 0.6165
#E_2010       5  0.24362     0.04914 0.16036 0.3520
#F_2010       6  0.21609     0.05477 0.12761 0.3419
#G_2011       7  0.11352     0.03036 0.06620 0.1879
#H_2011       8  0.24910     0.04439 0.17243 0.3456
#I_2012       9  0.09782     0.03109 0.05155 0.1778
#J_2012      10  0.04678     0.02350 0.01717 0.1211
#K_2012      11  0.14207     0.02427 0.10079 0.1966
#L_2013      12  0.19662     0.03740 0.13335 0.2802
#M_2014      13  0.09075     0.04669 0.03187 0.2323
#N_2014      14  0.11508     0.02509 0.07427 0.1741
#O_2015      15  0.08917     0.02506 0.05077 0.1520
#P_2016      16  0.07172     0.01407 0.04858 0.1047
#Q_2017      17  0.27193     0.03549 0.20814 0.3467
#$phi
#session estimate SE.estimate      lcl    ucl
#A_2007       1   0.7979     0.22959 0.195096 0.9847
#B_2008       2   0.8787     0.30788 0.024608 0.9995
#C_2008       3   0.7137     0.13468 0.406498 0.9007
#D_2009       4   0.7633     0.18936 0.292499 0.9617
#E_2010       5   0.7361     0.23998 0.198522 0.9692
#F_2010       6   0.7617     0.30035 0.110940 0.9879
#G_2011       7   0.4870     0.17635 0.192258 0.7911
#H_2011       8   0.6447     0.23727 0.192416 0.9325
#I_2012       9   0.8161     0.41935 0.018222 0.9991
#J_2012      10   0.7251     0.31779 0.103881 0.9836
#K_2012      11   0.9744     0.10634 0.008894 1.0000
#L_2013      12   0.5487     0.22060 0.175012 0.8745
#M_2014      13   0.9617     0.12339 0.034339 0.9999
#N_2014      14   0.6223     0.14512 0.329438 0.8468
#O_2015      15   0.9227     0.26407 0.008331 0.9999
#P_2016      16   0.3295     0.06894 0.210481 0.4753
#Q_2017      17       NA          NA       NA     NA
#$f
#session estimate SE.estimate       lcl     ucl
#A_2007       1 0.403328     0.15671 1.883e-01  0.8638
#B_2008       2 1.706234     1.36391 3.561e-01  8.1745
#C_2008       3 0.379255     0.24265 1.082e-01  1.3290
#D_2009       4 0.670289     0.46067 1.743e-01  2.5779
#E_2010       5 0.513589     0.44834 9.280e-02  2.8424
#F_2010       6 1.138130     0.88894 2.462e-01  5.2605
#G_2011       7 0.274875     0.29188 3.430e-02  2.2029
#H_2011       8 0.573291     0.52421 9.551e-02  3.4411
#I_2012       9 1.104123     1.47535 8.047e-02 15.1500
#J_2012      10 0.348573     0.70925 6.461e-03 18.8047
#K_2012      11 0.153480     0.14827 2.311e-02  1.0195
#L_2013      12 0.097717     0.30361 2.214e-04 43.1233
#M_2014      13 5.471151     3.78170 1.412e+00 21.2049
#N_2014      14 0.084216     0.16448 1.832e-03  3.8712
#O_2015      15 2.078779     0.74377 1.031e+00  4.1914
#P_2016      16 0.002111     0.01083 9.014e-08 49.4188










#session estimate SE.estimate    lcl    ucl
#A_2007       1   0.1583    0.008979 0.1414 0.1767
#B_2008       2   0.1583    0.008979 0.1414 0.1767
#C_2008       3   0.1583    0.008979 0.1414 0.1767
#D_2009       4   0.1583    0.008979 0.1414 0.1767
#E_2010       5   0.1583    0.008979 0.1414 0.1767
#F_2010       6   0.1583    0.008979 0.1414 0.1767
#G_2011       7   0.1583    0.008979 0.1414 0.1767
#H_2011       8   0.1583    0.008979 0.1414 0.1767
#I_2012       9   0.1583    0.008979 0.1414 0.1767
#J_2012      10   0.1583    0.008979 0.1414 0.1767
#K_2012      11   0.1583    0.008979 0.1414 0.1767
#L_2013      12   0.1583    0.008979 0.1414 0.1767
#M_2014      13   0.1583    0.008979 0.1414 0.1767
#N_2014      14   0.1583    0.008979 0.1414 0.1767
#O_2015      15   0.1583    0.008979 0.1414 0.1767
#P_2016      16   0.1583    0.008979 0.1414 0.1767
#Q_2017      17   0.1583    0.008979 0.1414 0.1767
#$phi
#session estimate SE.estimate    lcl   ucl
#A_2007       1   0.6971     0.02685 0.6421 0.747
#B_2008       2   0.6971     0.02685 0.6421 0.747
#C_2008       3   0.6971     0.02685 0.6421 0.747
#D_2009       4   0.6971     0.02685 0.6421 0.747
#E_2010       5   0.6971     0.02685 0.6421 0.747
#F_2010       6   0.6971     0.02685 0.6421 0.747
#G_2011       7   0.6971     0.02685 0.6421 0.747
#H_2011       8   0.6971     0.02685 0.6421 0.747
#I_2012       9   0.6971     0.02685 0.6421 0.747
#J_2012      10   0.6971     0.02685 0.6421 0.747
#K_2012      11   0.6971     0.02685 0.6421 0.747
#L_2013      12   0.6971     0.02685 0.6421 0.747
#M_2014      13   0.6971     0.02685 0.6421 0.747
#N_2014      14   0.6971     0.02685 0.6421 0.747
#O_2015      15   0.6971     0.02685 0.6421 0.747
#P_2016      16   0.6971     0.02685 0.6421 0.747
#Q_2017      17       NA          NA     NA    NA
#$f
#session estimate SE.estimate   lcl    ucl
#A_2007       1   0.5391      0.0354 0.474 0.6132
#B_2008       2   0.5391      0.0354 0.474 0.6132
#C_2008       3   0.5391      0.0354 0.474 0.6132
#D_2009       4   0.5391      0.0354 0.474 0.6132
#E_2010       5   0.5391      0.0354 0.474 0.6132
#F_2010       6   0.5391      0.0354 0.474 0.6132
#G_2011       7   0.5391      0.0354 0.474 0.6132
#H_2011       8   0.5391      0.0354 0.474 0.6132
#I_2012       9   0.5391      0.0354 0.474 0.6132
#J_2012      10   0.5391      0.0354 0.474 0.6132
#K_2012      11   0.5391      0.0354 0.474 0.6132
#L_2013      12   0.5391      0.0354 0.474 0.6132
#M_2014      13   0.5391      0.0354 0.474 0.6132
#N_2014      14   0.5391      0.0354 0.474 0.6132
#O_2015      15   0.5391      0.0354 0.474 0.6132
#P_2016      16   0.5391      0.0354 0.474 0.6132
#Q_2017      17       NA          NA    NA     NA
###########
#Compare estimates from different models
























#model           A_2007  B_2008  C_2008  D_2009  E_2010  F_2010  G_2011  
H_2011  I_2012  J_2012  K_2012  L_2013  M_2014
#fits.jssabCL 0.32650 0.50352 0.22210 0.48425 0.24584 0.22121 0.12058 0.23375 
0.08705 0.04457 0.13726 0.23033 0.09795
#fits.jssafCL 0.28600 0.51670 0.22003 0.48228 0.24887 0.22132 0.11979 0.23503 
0.08762 0.04474 0.13711 0.23091 0.09550
#fits.jssagCL 0.28558 0.51736 0.22003 0.48167 0.24989 0.22185 0.11948 0.23501 
0.08740 0.04473 0.13731 0.23103 0.09540
#fits.jssalCL 0.29243 0.52028 0.22399 0.48421 0.24714 0.22453 0.11577 0.23656 
0.08935 0.04413 0.13845 0.22995 0.09754
#fits.jssab   0.32418 0.50394 0.22310 0.48314 0.24875 0.22090 0.11689 0.23335 
0.08978 0.04524 0.13802 0.22953 0.09948
#fits.jssaf   0.28583 0.52204 0.22450 0.48342 0.24943 0.22312 0.11636 0.23334 
0.08897 0.04580 0.13688 0.22958 0.09606
#fits.jssag   0.28358 0.51743 0.22461 0.48401 0.24861 0.22210 0.11784 0.23501 
0.08894 0.04565 0.13634 0.22870 0.09550
#fits.jssal   0.25420 0.51138 0.22540 0.48276 0.24881 0.22308 0.12049 0.23670 
0.08976 0.04376 0.13754 0.22966 0.10456
#fits.jssaN   0.17618 0.54081 0.22863 0.47501 0.25916 0.21880 0.11785 0.23949 
0.08241 0.05455 0.13832 0.22839 0.10702
#session
#model           N_2014  O_2015  P_2016  Q_2017
#fits.jssabCL 0.12435 0.08581 0.09685 0.18087
#fits.jssafCL 0.12590 0.08460 0.09699 0.18106
#fits.jssagCL 0.12591 0.08457 0.09703 0.18111
#fits.jssalCL 0.12595 0.08339 0.09651 0.18060
#fits.jssab   0.12248 0.08733 0.09675 0.18070
#fits.jssaf   0.12544 0.08547 0.09693 0.18066
#fits.jssag   0.12596 0.08561 0.09687 0.18130
#fits.jssal   0.12408 0.08487 0.09738 0.18181
#fits.jssaN   0.12947 0.08497 0.07016 0.18449
make.table(fits,parm="phi")
#session
#model     A_2007 B_2008 C_2008 D_2009 E_2010 F_2010 G_2011 H_2011 I_2012 
J_2012 K_2012 L_2013 M_2014 N_2014 O_2015
#cjs     0.7131 0.7131 0.7131 0.7131 0.7131 0.7131 0.7131 0.7131 0.7131 0.7131 
0.7131 0.7131 0.7131 0.7131 0.7131
#jssabCL 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 
0.7032 0.7032 0.7032 0.7032 0.7032
#jssafCL 0.7023 0.7023 0.7023 0.7023 0.7023 0.7023 0.7023 0.7023 0.7023 0.7023 
0.7023 0.7023 0.7023 0.7023 0.7023
#jssagCL 0.7022 0.7022 0.7022 0.7022 0.7022 0.7022 0.7022 0.7022 0.7022 0.7022 
0.7022 0.7022 0.7022 0.7022 0.7022
#jssalCL 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 0.7032 
0.7032 0.7032 0.7032 0.7032 0.7032
#jssab   0.7033 0.7033 0.7033 0.7033 0.7033 0.7033 0.7033 0.7033 0.7033 0.7033 
0.7033 0.7033 0.7033 0.7033 0.7033
#jssaf   0.7028 0.7028 0.7028 0.7028 0.7028 0.7028 0.7028 0.7028 0.7028 0.7028 
0.7028 0.7028 0.7028 0.7028 0.7028
#jssag   0.7016 0.7016 0.7016 0.7016 0.7016 0.7016 0.7016 0.7016 0.7016 0.7016 
0.7016 0.7016 0.7016 0.7016 0.7016
#jssal   0.7017 0.7017 0.7017 0.7017 0.7017 0.7017 0.7017 0.7017 0.7017 0.7017 
0.7017 0.7017 0.7017 0.7017 0.7017
#jssaN   0.7118 0.7118 0.7118 0.7118 0.7118 0.7118 0.7118 0.7118 0.7118 0.7118 
0.7118 0.7118 0.7118 0.7118 0.7118
#session
#model     P_2016 Q_2017
#cjs     0.7131       
#jssabCL 0.7032       
#jssafCL 0.7023       
#jssagCL 0.7022       
#jssalCL 0.7032       
#jssab   0.7033       
#jssaf   0.7028       
#jssag   0.7016       
#jssal   0.7017       
#jssaN   0.7118  
#summary tables
make.table(fits,'superN')[,1]
#cjs jssabCL jssafCL jssagCL jssalCL   jssab   jssaf   jssag   jssal   jssaN 
#NA      NA      NA      NA      NA   359.4   359.4   359.8   359.5      NA 
make.table(jssaN,'N')
#session
#model  A_2007 B_2008 C_2008 D_2009 E_2010 F_2010 G_2011 H_2011 I_2012 J_2012 
K_2012 L_2013 M_2014 N_2014 O_2015 P_2016
#fits  15.68  13.11  19.18  21.35  25.09  28.67  39.16  40.52  45.48  54.04  













Appendix E: Diagnostic plots for GLM of Counts on humidity, temperature and 
management type.  
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Appendix G: Camera trap observations. 
	
	
22,563 photographs were obtained with the camera trap. Unfortunately, the vast 
majority of these were not particularly informative, either because they were out of focus or 
because no frog was identified in the picture. Frogs in the pictures could be recognised by the 
brightness of the eyes (Figure G2-G4 and G6). Of the few images in which frogs were 
identified, the most interesting is a sequence showing two frogs inside a ponga observed from 
February, 12th, 2016. This was only five days after the author observed two frogs and 
froglets in the same ponga (Figure G2 and G3). In this sequence, the last picture with a frog 
was obtained on February 14th, 2016 (Figure G4), although the camera remained in place for 
another couple of weeks. 
Besides this sequence, the only other images were of invasive species, including 
possums (Trichosaurus vulpecula), blackbirds (Turdus merula), and rats (Rattus sp.) (Figure 
G1, G5 and G6). Possums were the most abundant animal observed in these photos, besides 
frogs. Furthermore, during the review of photographs, the author identified on three 
occasions, a sequence of images of a possum climbing the structure where the camera trap 
was placed and rearranging the target focus. This rearrangement of the camera put the 
monitored ponga out of view. 
Remarkable were the photographs of a rat on top of a ponga (Figure G5), and the 
photograph of a rat nearby a ponga where a frog was on top (Figure G6). Specifically, in 
relation to these photographs, the two pictures corresponded to the end period of a series of 
photographs. It is presumed that as the camera-trap automatically shifts into a battery-save 
mode when necessary, these photos may correspond to a ‘movement-triggered’ picture, 
which will explain why these are the only two photos from that period of time saved in the 
camera file. 
In summary, the camera-trap trial used to monitor oviposition sites of L. archeyi 
inside ponga in the wild, was unsuccessful to acquire systematic breeding behaviour 
observations. However, many incidental natural history observations were obtained, all of 
which contributes to the body of knowledge for this threatened species of frog (e.g. repeated 




Figure G: Selection of camera trap pictures of one oviposition site monitored from December 
2015 to February 2018. G1) A possum (Trichosaurus vulpecula) climbing on the warratah 
support of the camera trap; one or two frogs are inside the ponga. G2) A frog on top of the 
ponga. G3) Two frogs inside the ponga. G4) One frog on top of the ponga. G5) A rat (Rattus 






Appendix H: Abiotic conditions associated with oviposition sites.  
 
 
A total of 5,286 measurements were downloaded from the eight datalogers installed in 
the field, but the data from one of these datalogers was not included due to inconsistent 
recordings. Mean values of air temperature and relative humidity measurements collected for 
109 days are shown in Table H1 and H2 respectively.  
 
Table H1. Monthly average temperature (ºC) measured for air (at 1 m) and three different 
types of oviposition sites, between October 2017 and February 2018.   
Month Air Ponga Grass Rock 
October 9.53 (2-15) 9.79 (3-14) 9.58 (2-15) 9.46 (4-13) 
November 11.52 (5-19) 11.63 (6-18) 11.55 (5-24) 11.08 (5-16) 
December 14.22 (7-22) 14.59 (8-20) 14.22 (7-26) 13.66 (7-19) 
January 16.63 (12-22) 17.16 (13-21) 16.61 (12-24) 16.25 (12-20) 
February 15.37 (12-18) 16.36 (14-19) 15.59 (13-18) 15.57 (13-18) 
 
Table H2. Monthly average relative humidity (%) measured for air (at 1 m) and three 
different types of oviposition sites, between October 2017 and February 2018.   
Month Air Ponga Grass Rock 
October 98.8 (79-100) 33.91 (24-64) 98.38 (82-100) 98.12 (94-100) 
November 92.43 (56-100) 40.15 (7-68) 95.88 (63-99) 56 (1-100) 
December 93.08 (56-100) 76.09 (16-92) 96.2 (65-99) 94.37 (86-99) 
January 98.21 (78-100) 83.96 (80-88) 98.41 (72-100) 94.67 (90-99) 
February 99.79 (98-100) 82.62 (81-85) 98.2 (90-99) 97.63 (94-100) 
 
Visual examination of the data plot of daily average values (Figure H1 and H2) shows 
that there were no large differences in air temperature among oviposition sites (Figure H1). 
However, relative humidity appears to vary considerably among oviposition sites. Humidity 
values on grass were similar to values of humidity of the air conditions. Relative humidity 
measured in rocks varied across the period of study, being similar to air and grass conditions, 
but then decreasing dramatically to 0%, to finally increase again to similar values of air and 
grass. Measurements of relative humidity in ponga, present a similar pattern to that observed 
in the conditions measured in rocks. However, the decrease in relative humidity measured in 
ponga was slightly less dramatic than that measured in rock piles (Figure H2). It is unclear 
whether these results are related to an unusual drier spring reported for the area on 2017-2018 
(NIWA Taihoro Nukurangi 2017a), or simply to the fact that the sites used to measure the 
environmental conditions corresponded to unused ponga (see also Discussion in Chapter 4). 
 
 
Figure H1. Mean daily temperature measured in Whareorino for air (at 1 m) and in three 
types of oviposition sites.  
 
 
Figure H2. Mean daily relative humidity measured in Whareorino for air (at 1 m) and in three 
types of oviposition sites. 

























































Appendix I: Glossary of Māori terms. 
 
Most definitions are based on http://www.maoridictionary.co.nz.  
 
• (te) Ao mārama: world of life and light 
 
• Ahi kā: continuous occupation 
 
• Atua: ancestor with continuing influence 
 
• Hapū: subtribe 
 
• Harakeke: New Zealand flax (Phormium tenax) 
 
• (te) Hau Kainga o Pureora: committee from Rereahu iwi with kaitiaki over the frogs 
in Pukeokahu 
 
• Hui: to assemble, meet 
 
• Io: supreme being 
 
• Iwi: tribe 
 
• Kai-: prefix added to verbs to denote the person is doing the action. E.g. Kaikorero 
(speaker), kaitiaki (guardian, trustee)  
 
• Kāi Tahu/Ngāi Tahu: iwi from much of the South Island.  
 
• Kaitiaki: guard, custodian, steward 
 
• Kaitiakitanga: guardianship, stewardship, trustee 
 
• Karakia: recite a prayer 
 
• Kaui turehu: mobile fairy folk (e.g. Patupaiarehe) 
 
• Kiritehere: Waikato West coast village  
 
• Kuri-peka: animal with four legs in a branch 
 
• Kuri-peke: animal with four legs that leaps  
 
• Mana: prestige, authority 
 
• Mana whenua: territorial rights 
 
• Mātauranga Māori: knowledge, wisdom, collective term for knowledge according to a 
Māori world view 
 
• Mauri: life principle, vital essence 
 
• Māori: indigenous person of Aotearoa/New Zealand 
 
• Mōkai: servant, pet 
 
• Ngaikura: see Table 7.1 
 
• Ngā: (determiner) the – plural of te 
 
• Ngāti Peehi: hapū with kaitiaki over the frogs in Whareorino 
 
• Ngāti Te Kanawa: hapū with kaitiaki over the frogs in Whareorino 
 
• Papatūānuku: Earth mother and wife of Rangi-nui – all living things originate from 
them 
 
• Patupaiarehe: fairy folk, mythical people who live in the bush on mountains. 
 
• Peketua: frog (see Table 7.1) 
 
• Pepeke: frog (see Table 7.1) 
 
• Pepeketua: frog (see Table 7.1) 
 
• Pēpeke: frog (see Table 7.1) 
 
• (te) Po: darkness, night 
 
• Poroka: frog (see Table 7.1) 
 
• Poraka: frog (see Table 7.1) 
 
• Pukeokahu: forest located in the North block of Pureora Forest Park, Waikato Region, 
New Zeland. 
 
• Pureora: village next to (or part of?) Pureora Forest Park in the King Country area, 
Waikato Region, New Zealand 
 
• Rangi: day, sky 
 
• (te) reo: Māori language 
 
• Rohe: boundary, territory 
 
• Tamariki: children, youth 
 
• Tangata whenua: local people 
 
• Taonga: treasure 
 
• Tapu: be sacred, restricted 
 
• Te: (determiner) the 
 
• Te Kore: realm of “chaos”, realm of potential being 
 
• Tiaki: to guard, keep 
 
• Tika: to be correct 
 
• Tikanga: correct procedure, method 
 
• Tītī: muttonbird (Puffinus griseus) 
 
• Tupuna: ancestors, grandparents 
 
• (te) Urewera: protected area located between the Bay of Plenty and Hawke's Bay in 
the North Island. 
 
• (te) Waihora: Lake Ellesmere (South Island) - also known as Te Kete-ika-a-
Rākaihautū. 
 
• Whakapapa: genealogy 
 
• Whanaunga: relative 
 
• Whareorino: conservation area located close to the west coast from Te Kuiti, in the 
Waikato Region, New Zeland.  
 
• Whānau: family group 
 
• Whenua: land 
Appendix J: Interview questions, information sheet and consent form for 
participants in collection of Mātauranga Māori of frogs study.  
 
1. Which ethnic group do you belong to? (What iwi? What hapū? What 
whānau?) 
 
2. What word do you use for frog? If yes: Is this for all species?   
 
• Prompted question: Do you recognize any of these words: 
poroka, poraka, pepeke, pepeketua, peketua, kuri peke.  
 
3. Have you seen a frog sometime? If yes: Where and in what circumstances?  
 
4. Do you know any story, song, or any other traditional form of Mātauranga 
Māori related to frogs? 
 
• Prompted question: I read about a story that incorporates frogs and 
Patupaiarehe, do you know this story?  
 
5. Have you seen any carving of frogs in a marae? If yes: Where? 
 
6. Can you describe how do you feel connected with the frogs? 
 
7. (If interviewee went/helped to monitor frogs): Tell me what it was like for you 
to go to look for frogs? 
 
8. In an ideal scenario, what would you like your whānau/hapū/iwi involvement 
to be in looking after the frogs? 
 
9. Do you have any suggestion for future management of the frogs? 
 
10. How useful is it for you, or your whānau/hapū/iwi, to develop a relationship 
with a scientist/researcher? 
 
11. What relationship would you like to have with future scientists that come to 
work/study frogs in your rohe? 
 
12. Can you tell about the translocation process and your involvement? 
 
• Prompted question: Do you have any concerns? 
• Prompted question: Are there things that you would like to change? 
 
13. Do you know someone who knows about Mātauranga Māori related to frogs 









frogs	 together	 with	 my	 professors	 Phillip	 Bishop	 and	 Nancy	 Longnecker.	 We	 are	
examining	ecological	and	cultural	relationships	between	Māori	and	frogs,	and	how	these	
relationships	 have	 changed	 while	 these	 species	 became	 more	 isolated	 and	 less	
abundant.		
You	 are	 invited	 to	 take	 part	 in	 an	 interview	 (or	 focus	 group)	 for	 this	 project.	 The	
interview	will	take	up	to	one	and	a	half	hours	at	a	time	and	place	convenient	for	you.	I	
would	 like	to	record	the	 interview	but	this	would	only	be	done	with	your	consent	and	




You	 can	 choose	 whether	 you	 are	 identified	 by	 name,	 or	 remain	 anonymous	 in	 the	




to	 be	 held	 at	 a	 national	 archive	 facility	 in	 future,	where	 they	 could	 be	 used	 by	 future	
generations.	
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I	 understand	 that	 information	 from	 my	 participation	 will	 be	 presented	 in	 reports,	























Appendix K: Booklets and drawings used in activities during the partnership.  
 














































































































We now know what to do to help our frogs and it depends on sustained management 
